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“ECHNOLOGY DEPARTMENT 


The ** ADVAN ee Signal 
Generator embodies many novel 
constructional features. It is 
compact in size, light in weight, 
and can be operated either from 
A.C. Power Supply or lo 
voltage high-frequency supplies. 
A Colpitts Oscillatory circuit is 
employed, which may be plate 
modulated by a _ 1,000-cycle sine 
wave oscillator, or grid modulated 
by a 50,50 square wave. Both types of 
modulation are internal, and selected by 
a switch. The oscillator section is triple 
shielded and external stray magnetic and 
electrostatic fields are negligible. Six coils are used to cover the 
range, and they are mounted in a coil turret of special design. 
The output from the R.F. oscillator is fed to an inductive slide 
wire, where it is monitored by an EA50 diode. The slide wire 
feeds a 75-ohm 5-step decade attenuator of new design. The 
vutput voltage is taken from the end of a 75-ohm matched 
transmission line. 
Instrument totally enclosed in a grey enamelled . 
steel case with detachable hinged lid for use Price £80 
during transport. 


WRITE FOR DESCRIPTIVE LEAFLET. 
TYPE 


Zul Wi 


7 


\ ADVANCE COMPONENTS LTD., BACK RD., SHERNHALLST., | 


\. WALTHAMSTOW, LONDON, €.17. Phone : LARkswood 4366-7-8 
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I) 
| 
ELECTRONICS, TELEVISION & SHORT WAVE WORLO 


FEBRUARY 1950 


PRICE 2/- 


Light Wergnt ‘ 

Negligible Stray Field 

Frequency Calibration .. , 

Modulation 30", sine wave |,000~ and 
pulsed 50/50 square wave at |,000~ 

Max Attenuationerror at 300 Mc/s. ... + 2db 

Precision Slow-motion Dial 

Wide Range 10-310 Mc/s 

Compact 124° x 132° x 72 

Dual-Power Supply { 200-250 V., 40-100~ 

\ 80 V., 40-2,000~ 
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From mobile television cameras, 
through special cables and couplers, go the 
radio frequency signals of B.B.C. pro- 
grammes... From the top of a 750 ft. mast 
at Sutton Coldfield, these signals are trans- 
mitted . . . received through aerials and 
television downleads, to make pictures in 
thousands of Midland homes. 


The transmitting mast—tallest of its 
kind in the World—was designed and erected 
by British Insulated Callender’s Construc- 
tion Company, a subsidiary company of 
BICC. 

In addition to manufacturing TV 
camera cables, couplers and downleads, 
BICC produce a wide range of Radio 
Frequency cables for all electronic circuits. 


These items illustrate but one field of 
modern industry where advantage has been 
taken of the vast resources of the BICC 
Organisation. 
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CALLENDER’S CABLES LIMITED 


NORFOLK HOUSE, NORFOLK STREET, LONDON, 


W.C.2 
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CLASSIFIED ANNOUNCEMENTS 


The charge for these advertisements at the LINE RATE (if under |” or 12 lines) is : 
(The line averages seven words.) Box number 2/- extra, except in the case of advertisement: 
or |2 lines) the charge is 30/- per inch, single column. 


free of charge. 


At the INCH RATE (if over I” 


Three lines or under 7/6, each additional line 2/6. 


n ** Situations Wanted,’’ when it is added 
Prospectuses and Company’s 


Financial Reports £14 0s. 0d. per column. A remittance must accompany the advertisement. Replies to box numbers should be addressed 


to: 


Morgan Bros. (Publishers), Ltd., 28, Essex Street, Strand, London, W.C.2, and marked “‘ Electronic Engineering.”’ 


Advertisements 


must be received before the !4th of the month for insertion in the following issue. 





Vacancies advertised ave restricted to persons or 
employments excepted from the provisions of the 
Control of Engagement Order, 1947. 


OFFICIAL APPOINTMENTS 


ELECTROENCEPHALOGRAPHIC 
DEPARTMENT requires technician (recordist). 
Training and experience an advantage. Salary 
£360 per annum, rising by £15 per annum to £435. 
Applications, with copies of testimonials or names 
of referees, to be sent to the Physician Superinten- 
dent, Runwell Hospital, Near Wickford, Essex. 
W 2187 


TECHNICIAN with practical experience in 
electronic engineering required for the Laboratory 
of the Department of Surgery. Applicants should 
be willing to work also in general biological research 
work. Previous laboratory experience of this nature 
will be an advantage, but not essential as the 
necessary training could be provided. Commencing 
salary within the range of £300 to £390, according to 
qualifications and _ experience. Applications, 
together with the names of three persons to whom 
reference may be made, to be submitted to the 
undersigned not later than 15th February, 1950. 
University of Durham, Medical School, King’s 
College, Newcastle-upon-Tyne. ] 2190 


MINISTRY OF SUPPLY invites applications 
for following post at Tropical Testing Establish- 
ment, Nigeria: (1) Senior Scientific Officer to lead 
group of physicists and engineers studying effects 
of tropical a on Service materials and 
equipment. Candidates must have good Honours 
Degree in Physics or Electrical Engineering, with 
experience of radio communication or methods of 
physical and mechanical testing. (2) Experi- 
mental Officer or Assistant Experimental Officer 
with at least Higher School Certificate qualifica- 
tions in a Biological subject or equivalent with 
some experience in fields of mycology and/or 
entomology. Appointments will be for single tour 
of 18 months initially but further tours may be 
arranged by mutual agreement. Consideration 
given to further employment in U.K. or elsewhere 
at end of service with T.T.E. Salary assessed on 
age, qualifications and experience within ranges 
(men only). Senior Scientific Officer: £700-£900 
(min. age normally 26) plus F.S.S.U. benefits. 
Experimental Officer : £525 £675 (min. age 
normally 28). Assistant Experimental Officer : 
£230-£490. Foreign Service Allowances ranging 
from £200-{£500 pavable in addition. Posts are 
unestablished. Application forms obtainable from 
Technical and Scientific Register (K) York House, 
Kingsway, London, W.C.2, quoting in the case of 

A a A179/49A in case of E.O. or 
A.E.O., G.253/49A. Closing date roth February; 
ot W 2201 
THE MINISTRY OF SUPPLY 
established Engineers 11 and III (Electrical or 
Mechanical) in Southern England. Candidates 
must be British with British parentage, and with 
engineering apprenticeship and Corporate Members 
of Institutions of Civil, Mechanical or Electrical 
Engineers, or have passed exempting examinations 
for Associate Membership: Honours Degree in 
Engineering an advantage. Wide experience 
desired in either design, planning, production or 
inspection medium/heavy engineering equipment 
particularly inspection and supervision during 
construction and acceptance trials of industrial 
plant. Chemical Engineering experience an 
advantage. Duties: Inspection at works of plant 
and equipment for production of and research on 
Atomic Energy involving close co-operation with 
designers and planning engineers. Salary range : 
E ngineers II, £750-£1,000 p.a. for men _ with 
superior qualifications. Engineers III, £350-£500 
£750 p.a., according to age and experience. These 
are London rates. Slightly less for provincial 
appointments. Write quoting (C725/48/a). The 
Ministry of Labour and National Service, Technical 
and Scientific Register (K) York House, Kingsway, 
W.C.2, for application forms, whick must be 
completed by 17th February, 1950 W 2191 


A 


require un 


MINISTRY OF SUPPLY invites applications 
from Physicists for vacancies in Scientific Officer 
Class at Research and Development Establish- 
ments in Southern England and South Midlands. 
Candidates must have good Honours Degree or 
equivalent in Physics, preferably with experience 
or evidence of interest in one of the following 
fields: Display, computor and communication 
research; V.H.F. and U.H.F. navigation, direction 
finding and landing systems; instrumentation, 
including that associated with aircraft assisted 
take-off and landing ; automatic pilots and blind 
landing devices ; elec! trical, magnetic and physical 
properties of materials for use in radio equipment ; 
aerodynamics ; classical and theoretical physics ; 
electronics ; high speed photography. Salaries 
according to age, qualifications and experience 
within ranges Senior Scientific Officer, £670 
£860 (min. age 26). Scientific Officer: £380-£620. 
Posts are unestablished but carry F .U_ benefits. 
Rates for women somewhat lower. Applicatjon 
forms obtainable from Technical and Scientific 
Register (K) York House, Kingsway, W.C.2 

quoting A325/49/A. Closing date 20th iebruaty, 
1950. W 2200 


THE CIVIL SERVICE Commissioners give 
notice of a Competition under Normal Regulations 
for pensionable appointment to the Assistant 
(Scientific) Class (Basic Grade). Candidates must 
be at least 17} and under 26 years of age on 
1st January, 1950, with extension for regular 
service in H.M. Forces, but other candidates over 
26 with specialized experience may be admitted. 
All candidates must produce evidence of having 
reached a _ prescribed standard of education, 
particularly in a science subject and of thorough 
experience in the duties of the class gained by 
service in a Government Department or other 
civilian scientific establishment or in technical 
branches of the Forces, covering a minimum of two 
years in one of the following groups of scientific 
subjects: (i) Engineering and physical sciences. 
(ii) Chemistry, bio-chemistry and metallurgy. 
(iii) Biological sciences. (iv) General (including 
geology, meteorology, general work ranging over 
two or more groups (i) to (iii) and highly skilled 
work in laboratory crafts such as glass-blowing.) 
eyed according to age up to 25: Men; £195 (at 

8) to £300 (at 25)-£380. Women; £195 (at 18) to 
{270 (at 25)-£320. A little less outside London. 
Opportunities for promotion. Further particulars 
and application forms from the Secretary, Civil 
Service Commission, Scientific Branch, 7th Floor, 
Trinidad House, Old Burlington Street, London, 
N;2. Completed application forms must be 
returned by 31st March, 1950 (for candidates in 
the United Kingdom) or roth May, 1950 (for 
candidates overseas). W 2205 


THE CIVIL SERVICE Commissioners invite 
applications for a permanent appointment as 
Senior Experimental Officer at London Head 
quarters of the Ministry of Supply. The duties 
include the co-ordination of thermionic valve 
requirements and supervision of an information 
service on valves. Candidates must have been 
born on or before 1st August, 1914, and preferably 
have a Degree in Physics or Electrical Engineering 
or equivalent. Knowledge of thermionic valves and 
their application to Service uses, with experience 
in the valve industry, desirable. Some adminis- 
trative experience essential. Inclusive salary 
seale: Men: £735-£935. Women: £610-£830. 
Further particulars and application forms from the 
Secretary, Civil Service Commission, Scientific 
Branch, 7th Floor, Trinidad House, Old Burlington 
Street, London, W.1, quoting No. 2930. Completed 
applications must be returned by 14th February, 
1950. W 2209 





SITUATIONS VACANT 


CRYSTAL FINISHER, with knowledge of wire 
mounted and clamped type crystals, also glass 
sealing an advantage. London area. Write, 
stating age, experience and salary required to 
Box W 1030 W 1030 


VACANCIES exist at the Nelson Research 
Laboratories, English Electric Co. Ltd., Stafford, 
for draughtsmen. Applicants must have had 
experience of electronic circuit or similar work and 
preference will be given to those interested in 
electronic circuit development. Salary in accord- 
ance with age, qualifications and experience. 
Write, giving full particulars quoting reference 
109 to Central Personnel Services, English Electric 
~ ta 24/30, Gillingham Street, Westminster, 

W 2132 


DEVELOPMENT ENGINEERS required by 
firm in N.W. London manufacturing an extensive 
range of industrial instruments and _ controls. 
Candidates should have a good theoretical back- 
ground, preferably with a Degree or equivalent in 
Physics or Electrical Engineering and in addition 
should have experience of (a) Instruments or light 
mechanisms (b) Electronics applied to industrial 
problems. The starting salary will range between 
£400 and {600 p.a. according to the experience of 
the applicant. Write Box W 1033. W 1033 


YOUNG ELECTRONICS ENGINEER, with 
good theoretical background and at least four years’ 
practical experience in the design and construction 
of electrical equipment, required by large engineer- 
ing firm in the Midlands for developme nt of 
strain-gauge testing equipment in Research 
Laboratory. Reply in writing, stating particulars 
of training and experience, together with salary 
required, to Box W.2169. W 2169 


ELECTRONICS ENGINEER. Applications 
are invited for the position of Instrument Engineer 
(E lectronics) in a large iron and steel works plant 
in this country. Candidates will be required to 
undertake the original design and development 
of electronic apparatus and its application to 
works problems. Previous steelworks experience 
is not essential but initiative and technical ability 
are considered of first importance. A substantial 
salary will be paid to the suitable applicant. 
Re plies giving details of experience to Box W 2149. 

2149 


TECHNICAL ASSISTANT required in Patent 
Department of company engaged in the manu- 
facture of precision instruments, radar, etc. 
Knowledge and experience of electronics and 
J.H.F. technique required and experience of 
Patent work. Salary according to qualifications 
and experience. Write, stating age, expe rience, 
etc., to Personnel Manager, Sperry Gyroscope Co. 
Ltd., Great West Road, Brentford, Middlesex. 

W 2145 


PHYSICIST OR ENGINEER, age 2; 
required for interesting ‘development work on 
gramophone pick-ups and other radio components. 
Qualifications : Degree or equivalent plus actual 
design experience. Experience on pick-ups would 
be an advantage. Write, giving full particulars, to 
Personnel De partme nt, +.M.I. Engineering 
Development Limited, Blyth Road, Hayes, Middx. 

W 2199 


23-26, 


AN ASSISTANT to the Chief Development 
Engineer is required by a large company manu- 
facturing radio components and allied products. 
Applic ants must have technical education to B.Sc. 
in Electrical Engineering or Physics and must have 
experience of development work in the radio field. 
A permanent and progressive position will be 
offered to an applicant with these qualifications 
and between the age of 30 and 35 years. Kindly 
state fullest details in strict confidence to Box 
No. W W 2202 


VACANCIES exist in the Nelson Research Labora- 
tories of the English Electric Co., Ltd., Stafford, 
for Senior and Junior Physicists and Engineers for 
work in the Vacuum Physics Laboratory. A 
Degree in Physics or Engineering essential, and 
preference will be given to men experienced in 
electron optics and vacuum techniques. Write, 
giving full details quoting Ref. 308 to Central 
Personnel Services, English Electric Co., Ltd., 
24 Gillingham Street, Westminster, S.W.1. 

W 2203 


2202. 
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MECHANIC required for the construction and 
servicing of industrial electronic apparatus, 
maintenance of mechanical transducers, etc. West 
London area. Forward full details of education, 
experience and salary required to Box A.C. 762, 
c/o, Central News, 17, Moorgate, London, E.C.z2. 

W 2143 


ELECTRICAL ENGINEER, age 23 to 28; 
required for design and development work on 
fractional h.p. and other small electric motors. 
Qualifications : Degree in Electrical Engineering or 
equivalent, with about three years’ or more 
experience in this field. Salary according to age 
and qualifications. Please write giving full details 
to Personnel Department, E.M.I. Engineering 
Development Limited, Blyth Road, Hayes, Middx. 

WV 2198 


CHIEF RADAR and Radio Engineer required to 
take charge of a Department engaged in the 
development and design of commercial and Service 
pulse and C.W. high frequency equipments. 
Applicants should possess high technical qualifica- 
tions allied with administrative experience, and 
should give full particulars of their training and 
experience when replying. Replies, which should 
be marked “ Personal” and addressed to the 
Electrical Engineering Director, Metropolitan- 
Vickers Electrical Company Ltd.,; Trafford Park, 
Manchester, 17, will be treated in the strictest 
confidence. W 2207 


MECHANICAL DEVELOPMENT 
ENGINEERS, Corporate Members of Institute of 
Mechanical Engineers, or with Degree and suitable 
shop experience, are required immediately for 
electro-mechanical development on long term 
contract work. Modern rig and machine shop 
equipment available. Permanent positions under 
contract with superannuation scheme will be 
offered to suitable applicants who must be of 
British Nationality with good specialised experience 
in some branch of light engineering industry. The 
works, with good canteen facilities, are situated in 


an easily accessible Surrey country area. State 
full details to Box No. W 2195. W 2105 
CINEMA-TELEVISION LIMITED. Applica- 


tions are invited from Television Development 
Engineers for positions in a new section now being 
formed. Applicants should have several years’ 
television circuit development experience in one 
of the following fields : (a) Timebase and Scanning 
Equipment. (b) Vision and Sound Receivers. (c) 
High and Low Voltage Power Units; and prefer- 
ably have commercial experience in designing 
equipment for production. Apply, in writing, 
giving age, qualifications, details of experience, 
salary required, etc., to the Personnel Department, 
Cinema-Television Ltd., Worsley Bridge Road, 
Lower Sydenham, S.E.26. W 21096 


ELECTRONIC ENGINEERS required for 
interesting and progressive work in design and 
development. Qualifications: Degree or equiva- 
lent in Electrical Engineering or Physics, plus 
actual design experience in one of the following or 
allied fields: (1) Household appliances. (2) Small 
electric motors. (3) Power supply unit for air- 
borne radio equipment. (4) Recording equipment 
(disk, film or tape). (5) Radio components and 
transformers. (6) UHF osgillator and aerial 
design. (7) Radar and television equipment. 
Applicants should write, giving full details, to 
Personnel Department, E.M.I. Engineering 
Development Limited, Blyth Road, Hayes, Middx. 


2197 


THE SOUTH-WESTERN division of a leading 
Radio Company invite applications for the post of 
Chief Draughtsman. Applicants should have 
qualifications to A.M.I.Mech.E. examination 
standard or equivalent and have had not less than 
two years’ experience of senior responsibility in a 
drawing office concerned with layout and detailing 
of radar equipment, electronic apparatus and small 
mechanisms. Salary will be commensurate with 
qualifications and experience, and housing accom- 
modation can be made available to successful 
candidate. Entry into pension scheme is offered 
after a period of service. Full details in writing, 
to be made within seven days of the appearance of 
this advertisement. Box No. W 2189. W 2189 


APPLICATION ENGINEER required by H.F. 
induction heating equipment manufacturers, 
London area. Duties consist in experimental work 
to be carried out in connexion with customers’ 
enquiries, Write Box No. W 1041. W 1041. 
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REQUIRED, a live man to be responsible for 
design and production of all types of radio inter- 
ference components. Full details of experience, 
etc., to Box No. W 2192. W 2192. 


SENIOR DRAUGHTSMEN with apprentice- 
ship, or three years’ shop experience, are required 
for electro-mechanical development and design 
work of an interesting and long term nature. The 
works are situated in an easily accessible Surrey 
country area and have good canteen facilities. 
Permanent positions and superannuation scheme 
will be offered to suitable applicants, who must be 
of British Nationality, with good general education 
and experience on the lighter side of mechanical 
engineering. The works are equipped on up-to-date 
lines. Salaries according to ability will be offered. 
State full details to Box No. W 2193 W 2193. 


SENIOR INSPECTOR with suitable machine 
shop experience and at least two years with chief 
inspector’s responsibilities, is required at once for 
general light electro-mechanical engineering shop 
entirely on development work. A permanent 
position on contract with superannuation scheme 
will be offered to a suitable applicant of British 
Nationality. The works, with good canteen 
facilities, are situated in an easily accessible 
Surrey country area. State full details to Box No. 
W 21094. W 2194 


BRITISH INSULATED Callender’s Cables Ltd., 
have a vacancy with one of their subsidiaries in the 
London area, for a Chief Research Engineer with 
several years’ industrial experience and a good 
Degree in Physics or Electrical Engineering. 
Buties involve administration of the research 
laboratory and the design development of com- 
ponents using ceramic materials. Knowledge of 
the use of ceramics would be an advantage but 
not essential. A good knowledge of radio-frequency 
measurements and circuitry is essential. Applica- 
tion, in writing, stating age, qualifications and 
exverience to Staff Officer, British Insulated 
Callender’s Cables, Ltd., Prescot. W 2183 


FERRANTI LIMITED, have vacancies in their 
R-dio Works, Moston, Manchester, for Physicists 
and Engineers for research and development work 
on vacuum and gas-filled electronic devices, as 
follows: (a) Senior Development Engineers ; 
qualifications include a good Degree in Physics or 
Electrical Engineering and extensive experience in 
a responsible capacity in the electronics field. 
(b) Development Engineers. Qualifications include 
a good Degree in Physics or Electrical Engineering 
or suitable extensive experience in electronics. 
Salary on a liberal basis, according to qualifications 
and experience. The Company has a Staff Pension 
Scheme. Application forms from the Staff Manager, 
Ferranti Limited, Hollinwood, Lancs. W 2184 


APPLICATIONS are invited for the following 
appointments concerned with the build-up of a new 
extension of the Research Laboratories of The 
General Electric Co., Ltd., in the Stanmore (Middx. ) 
area. (a) Senior Mechanical Engineer to take charge 
of aresearch group in the field of special mechanisms. 
Experience in the theory and design of Servo 
devices, high efficiency gearing and modern forms 
of light constructional methods is essential. The 
applicant is expected to contribute to the build-up 
of a Mechanical Laboratory, which will be an 
important part of a new organisation to deal with 
a number of major projects. (b) Senior Mathe- 
matician to take charge of the mathematical work 
of the new laboratory. A first class mathematical 
background is required, together with experience 
in the theory of computing and control systems 
involving both the electrical and mechanical 
aspects. (c) A number of Senior positions requiring 
experience in one or more of the following fields : 
(i) microwave circuit design and measurements 
including wave-guides and concentric lines; 
(ii) the design of microwave aerial systems ; 
(iii) intermediate frequency amplifier design 
(iv) special engineering problems associated with 
compact light-weight equipment. (d) Two 
Mathematicians with good Honours Degrees and 
preferably with practical experience of the applica- 
tion of mathematical methods to electrical and 
mechanical problems. (e) A number of vancancies 
for men qualified in various electronic and mechani- 
cal fields including: (i) experimental work on and 
design of microwave equipment; (ii) video fre- 
quency and special waveform generating circuits ; 
iii) intermediate frequency receiver design ; 
(iv) servo-control and computing circuits; (v) 
experimental and design work on light mechanical 
engineering problems. Applications should be 
sent to the Personnel Officer, Research Laboratories 
of The General Electric Co., Ltd., North Wembley, 
Middlesex, and should contain full details of 
qualifications, experience and age. W 2180 
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ENGLISH ELECTRIC invite applications from 
University trained Electronic Engineers with radar 
experience covering centimetre aerials, wave- 
guides and receivers. Circuit and general elec- 
tronic experience essential. Interesting work near 
London for which a salary of £850 per annum 
upwards will be paid for a senior man according to 
qualifications and experience. Write, giving full 
details, quoting Ref. 326 to Central Personnel 
Services, English Electric Co., Ltd., 24/30, Gilling- 
ham Street, Westminster, S.W.1. W 2185 


TEST ENGINEERS for high grade communica- 
tion equipment. Should have experience of testing 
low power transmitters and/or H.F. and V.H.F. 
receivers and transmitter-receivers. Applicants 
should be prepared to work in East London area. 
State full details including age and salary required, 
to Box No. W 2186. W 2186 





CLASSIFIED ANNOUNCEMENTS 
continued on Page 4 














WOOLWICH 
POLYTECHNIC 


A course of eight advanced lectures 
on 


ELECTRO-ACOUSTICAL 
TRANSDUCERS 


on Wednesday evenings at 7 p.m. 
commencing 
Wednesday, Ist[February[1950 

i 


by) 


J. O. Ackroyd, M.A ,§B.Sc. (Eng.), 
of the 
Post Office Engineer ing’ Research 
Station, Dollis Hil. 
The course will consist of lectures % 
followed by discussion. 


The fee for the course will te 4. 


Detai’s of the syllabus may be obtained 
on application to the Secretary. 








MAGSLIFS 


Resolvers, Transmitters, Hunters, 
Receivers, etc., 2” and 3” types. 


SELSYNS 


{Power and Phase-Shifting types. 


INDUCTION MOTORS AND 
VELODYNES 


Send for list and technical details. 


Geiger-Miiiler counters U.S.A. make, 50/- 


Vacuum relays 6 volt 35mA. (approx.) 
fitted 4-pin valve socket (Brit.) 6/6 


HOPTON RADIO, 
1, Kopton Parade, Streatham High Road, 
LONDON, S.W.16. 
"phone : STReatham 6165 
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REVIEW OF NEW AND CURRENT VALVES 





THE NEW VALVE TECHNIQUE FOR V.H.F. 
Versatile, Efficient, Dependable. 


For their size these valves are among the most efficient in 4 


existence, and are particularly recommended for equipments 
operating in the V.H.F. range. Features are small size, low drive 
power and small power consumption for the 
rated outputs. 

The Triodes TY 2-125, TY3-250 and TY 4-500 
form a series with increasing anode dissipations 
from 135 to 500 watts, and are designed for use 
as R.F, amplifiers, grounded grid amplifiers or 
oscillators in both communications and small 
R.F. Heating equipments. 

The Tetrodes QY3-125 and QY4-250 are 
rated respectively for maximum anode dissi- 
pations of 125 and 250 watts and are 
characterised by high power gains and high 
efficiencies at very high frequencies. 


rw 


TYPICAL OPERATING CONDITIONS (CLASS C TELEGRAPHY) ] 











n Pload 


vin 
Va | Vg2 | Vel Igl (pk)|P out!) lapprox 
CW) 


te (Mels) (Vv) } (¥) | (VY) (mA) (nA) (mA)} cv) | (W)}% 
TY2-125| 150 |2500] — |—200] 200] — | 40] 350 | 360/72| 290 
TY3-250] 70 |3000/ — |—250| 373 | — | 70 | 420 | 850/76] 680 
TY4-500| 70 |4000] — |—350| 550 | — | 100 | 625 | 1670|76|1330 
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FIRST BRITISH 
RANGE OF 10 mam 
SUB - MINIATURES — 
for Communications & 
Industry. 

These sub-miniature 
valves are the first of a 
range offering special ad- 
vantages where saving in 
space, weight and volume 
is of importance. The 
range includes battery and 
mains types together with 
voltage stabilisers. All 
types with the exception of 
the diode EA76 have round 
B8D glass bases in which the 
leads are disposed ona circle 
of 6mm pitch diameter. 


1Omm— 


4 
i 
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Description 


































































DAF70 | Single Diode Voltage Amplifying A.F. 
Pentode. 

IDF72_ | Sharp cut-off R.F. Pentode. 

DF73 Variable-mu R.F. Pentode. 

IDL75 A.F. Output Pentode. 

EA76_ | Single Diode. (Smm bulb) 

—C70 R.F. Triode for use as Oscillator up to 

c/s 

EF70 High Slope R.F. Pentode. 

EF72 Sharp cut-off High Slope R.F. Pentode. 

EF73 High Slope Circuits Pentode. 

OBI Voltage Srabiliser. 














ELECTRONIC FLASH TUBES FOR INDUSTRY AND RESEARCH. The Mullard range of electronic flash tubes 





now comprises types specially designed for applications in industry and research. They include: Line source tubes 
for applications such as photographing ion tracks in Wilson Cloud Chambers; a high light intensity type of 10,000 
Joules (LSD 10); a Stroboscopic Tube (LSD 8); and a 1,000 Joule silica tube (LSD 9) for use where a UV light 


source is required. 


INDUSTRIAL THYRATRONS. 


Important additions to the Mullard range of 
industrial thyratrons include the Mercury Vapour 
Triodes MT17 and MT57. On account of their 
high current output, small size and reliability under 
severe conditions of service, these new thyratrons are 
particularly suitable for a variety of power control 
applications and for use in motor speed control 
systems. The range of thyratrons at present avail- 
able is given below: 








































Type Description 

MTI7 0.5A Mercury Vapour Triode 
MT57 2.5A Mercury Vapour Triode 
EN3I Helium-filled Triode 

2D2! Miniature Gas-filled Tetrode 
1267 Cold Cathode Gas-filled Triode 





Accelerometers, 







Signature. __ 


V.H.F. 


10mm. Sub-miniatures « 








There are Mullard valves and electron tubes for most com- 
munication and industrial requirements. Ranges include 
Industrial Power Valves, Industrial Rectifiers, Photocells, 
Cathode Ray Tubes,  Stabilisers and 
Reference Level Tubes, Cold Cathode Tubes, Electrometers, ete. 










If you require full technical data on any of the valves 
described in this review, please check this form, pin to your 
letter heading and post to the address below. 








Valves - - 






Flash Tubes - - ° 


Thyratrons - a 













MULLARD ELECTRONIC PRODUCTS LTD., CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON. W.C.2 


MVT65 
















CLASSIFIED ANNOUNCEMENTS (Cont’d.) 





ENGLISH ELECTRIC VALVE Co., Chelmsford, 
require a young Graduate Engineer interested in 
micro-wave work on radio valves. Interesting 
position with good prospects. Write, giving full 
details, quoting Ref. 332 to Central Personnel 
Services, English Electric Co., Ltd., 24/30, Gilling- 
ham Street, Westminster, S.W.1. y 2188. 
WELL KNOWN electrical manufacturing com- 
pany requires sales representatives for Birmingham 
and London areas. Applicants, who must be 
electrical engineers experienced on outside sales of 
industrial electronic or similar equipment, should 
write, giving full particulars, quoting Ref. 727, 
Box No. W 2181. W 2181, 
QUALIFIED CHEMISTS single and aged 19 to 
25 years required for development work on radio 
components. Laboratory is in the country, four 
miles from Witham in Essex, but temporary 
accommodation is immediately available. Please 
apply, in the first instance, to the Personnel 
Manager, The Plessey Company Limited, Ilford, 
Essex. 1 2182 
SENIOR AND JUNIOR Development Engineers 
and Draughtsmen for radio, radar, electronics, 
etc.; service engineers, radio television (London 
and Birmingham), radar electronics; wiremen 
(skilled and semi-skilled), radio, radar ete.: 
H.F. repairers, testers, inspectors, assemblers, for 
radio, television, radar, P.A., numerous other 
senior and junior positions vacant. Technical 
Employment Agency, 179, Clapham Road, S.W.9 
(BRIxton 3487). 

RADIO MECHANIC 
Industrial Electronic Equipment in expanding 
organisation; preference given to man with 
production experience. Good opportunity for an 
ambitious man. Write, stating age, qualifications, 
experience and salary required to Box No. W 1047. 


W 2204 


required for work on 


W 1047 
FERRANTI LTD., invite applications from 
energetic Electronic Engineers with a sound 


electro-mechanical background to take charge of 
a section engaged in the development of means for 
the magnetic storage of digital information. 
Qualifications include a good Degree in Physics or 
Electrical Engineering, but originality of thought 
and ability to lead a development section are of 
primary importance. The position is of great 
interest to any keen engineer convinced of the 
future of Electronic Digital Computation. Salary 
will be in the range of £600 to £1,000 per annum. 
Application forms from The Staff Manager, 
Ferranti Ltd., Hollinwood, Lancs. W 2208 


FOREMAN VALVE MECHANIC required with 
experience in handling small staff in the manu- 
facture of assemblies for C.R. Tubes. Photo 
Electric Cells, G.M. Tubes, etc. Previous experi 
ence in C.R. tube assembly desirable. Excellent 
canteen facilities. S.E. London area. Write, 
stating age, experience, qualifications and salary 
required to Box 32, c/o George Murray (Advertising) 
Ltd., 184, Strand, London, W.C.2. W 2211. 
APPLICATIONS are invited from Electronic 
Engineers for permanent positions in a successful 
and expanding organisation near Esher, Surrey. 
\ wide range of vacancies exists for development 
engineers, circuit designers, coil and transformer 
designers. at both senior and junior levels. The 
work will deal with a new and interesting series of 
projects, and will involve application of techniques 
as used in radar and radio receivers and trans 
mitters, cathode ray tube displays, filters and 
networks (excluding wave guides), etc. Candidates 
for the senior posts should possess an Honours 
Degree or equivalent qualification, and have 
considerable design experience in at least one of 
these branches. Salaries offered will be commen 
surate with age, qualifications and experience, 
and the positions will be progressive with excellent 
prospects for suitable applicants. Working 
conditions are ideal, with pleasant and congenial 
surroundings, and first class canteen facilities are 
available on the premises. Applicants must state 
age, nationality, qualifications, experience and 
salary required to Box No. W 2210 W 2210 
BELLING & LEE, LTD., Cambridge Arterial 
Road Enfield, require the services of a qualified 
engineer-physicist, with a wide experience of aerial 
research, to develop television and V.H.F, receiving 
aerials of all types: an inventive flair is highly 
desirable. Salary will be commensurate with 
qualifications and experience. Applications, 
stating age, experience, and salary required, should 
be addressed to the Secretary and will be regarded 
as confidential. V 2213 


Electronic Engineering 


SITUATIONS WANTED 


ELECTRONICS CONSULTANT seeks post 
anywhere in South America. Box No. W 1049. 

W 1049 
PATENTS—Engineer Physicist with large 
experience patent matters, (including selection of 


developments for patents) seeks opening. High 
qualifications. Extensive organising experience. 
Box No. W 1039. W 1039 


CHARTERED ELECTRICAL ENGINEER, 
college trained, 35, production manager, seeks 
change with improved prospects for drive and 


ability. Proved capable production executive 
and administrator. Electronics or light electrical. 
Box No. W 1046. W 1046 


ADVERTISER requires responsible position in 
small Company. Active, progressive work more 
important than security and planned future. 
Responsible experience in research, development, 
administration, excellent record in senior posts, 
mature, wide interest, good address, aged 37, 
Resident central London. Box No. W 1048. 

W 1048 





EDUCATIONAL 
A.M.LE.E., City and Guilds, etc., on ‘NO 
PASS—NO FEE” terms. Over 95 per cent 
successes. For full details of modern courses in all 
branches of Electrical Technology, send for our 


112-page handbook—FREE and post free. 
B.L.E.T. (Dept. 337B), 17, Stratford Place, 
London, W.1. W 100 


THE POLYTECHNIC, 309, Regent Street, W.1, 
Electrical Engineering Department: Head of 
Department, W. H. Date, B.Sc. (Eng.), M.I.E.E. 
A special course of four lectures on High-frequency 
Heating will be given by members of the Research 
and Design Staff of Redifon Limited, under the 
general direction of Captain J. A. L. Wharton, on 
Fridays at 6.30 p.m., commencing February 24th, 


1950. Fee for the course—ros. A syllabus may be 
obtained on application to the undersigned. J. C. 
Jones. Director of Education. W 2178 


UNIVERSITY COLLEGE, 
Department of Electronics. The Department of 
Electronics (Professor E. E. Zepler) gives an 
advanced course at Honours Degree standard in 
Electronics. The course is full-time for one 
academic year and the college grant a Diploma, by 
examination, to students who successfully complete 
the course. Entry qualification is a University 
Degree in Physics or Electrical Engineering, or its 
equivalent. The fourth of these courses will 
commence in October, 1950, and application for 
admission should be made now to the Academic 
Registrar, from whom further details may be 
obtained. W 2212 


Southampton. 


FOR SALE 

AMERICAN MAGAZINES. One year post free. 
Radio Electronics, 32s. 3d.; Audio Engineering, 
28s. 9d.; Radio and Tele. News, 36s.; Popular 
Science, 28s. 6d.; S.A.E. for full list from Willen 
Ltd. (Dept. 9), 101, Fleet Street, London, E.C.4. 
NV 1027 

MERCURY SWITCHES are made by Hall 
Drysdale & Co. Ltd., of 58, Commerce Road, 
Wood Green, London, N. 22. Phone BOWes 
Park 7221-2. W 107 
FIVE-CORE CABLE (9/o12z) tough rubber 
sheathed, tinned copper screened, 1s. yard. Also 
enamel copper wires. Armes, 37, Birchwood 
Drive, Leigh-on-Sea. W 1021 


WEBB’S 1948 Radio Map of World, new multi- 
colour printing with up-to-date call signs and fresh 
information ; on heavy art paper, 4s. 6d., post 6d. 
On linen on rollers, 11s. 6d., post gd. W 102 


TELEVISION SERVICING MANUAL. Com- 
plete guide to servicing and maintenance. Circuit 
diagrams and components of commercial models. 
Fault tracing charts. Post free 4s. 9d. Quadrant 
Books (Dept. 3) 17 Quadrant Arcade, Regent 
Street, London, W.1. NV 1040 


VARIAC ADJUSTABLE TRANSFORMERS, 
all as new and perfect. Type 100L ; 230 V-1-50/0 
to 230V, 8 amps, {12 each. Type roo L-3G: 
400V-3-50/0 to 400V, 3ph, 6KVA, £36 each. 
Constant voltage transformers, 1.6 KVA, by 
Foster. Input: 180-260V, rph, 50 c/s. Output : 
230V. + 1% 7 amps. Oil filled. New, unused, 
£18 each. All F.O.R. P. B. Crawshay, 166, 
Pixmore Way, Letchworth, Herts. W 1042 
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M.S.S. RECORDING UNIT. B.S.R., P.A. 
Amplifier; R.V.A. Ribbon Microphone and 
stand. Two ro inch Speakers, guaranteed perfect 
condition. £85 or nearest offer. Hart & Churchill 
Ltd., 22/24 Wellington Place, Belfast, Northern 
Ireland. W 1026 
COPPER CABLE, low tension 120/o12 single, 
braided and cellulosed black, 100 yd. coils, £2 each. 
Also ex-Naval transmitters, oscillators, gyros, line 


testers and radar equipment. King, 56/57, 
Nechells Park Road, Birmingham, 7. W 1037 


400 UNISELECTORS, 8 bank, 25 contacts, 
double ended wipers, twin 37 ohm coils. Fitted 
contact breaker. Removed from surplus equip- 
ment but condition almost new. £800 the lot. 
Large stock of ex-Government components. 
Write for list. Bargain Radio Stores, 72 Cape 
Hill, Smethwick. V 1038 


VORTEXION super 50 watt amplifier for sale, 


1947 model without case. Very _ little used : 
silent school holidays. Offers/enquiries: Alden, 
Bradfield College, near Reading. NV 1043 





SERVICE 


GLASSBLOWING, repetition and scientific, by 
Hall Drysdale & Co. Ltd., of 58, Commerce Road, 
Wood Green, London, N.22. Phone BOW es 
Park 7221-2. W 109 
LOUDSPEAKER repairs, British, American, any 
make. Moderate prices.—Sinclair Speakers, 12, 
Pembroke Street, London, N.r. W ror 


PATENTS 


IT IS DESIRED to secure the full commercial 
development in the United Kingdom of British 
Patents Nos. 565,206, which relates to Apparatus 
for Transmitting Pictures between Spaced Points, 
either by way of the grant of licences or otherwise 
on terms acceptable to the Patentee. Interested 
parties desiring copies of the patent specification 
and further particulars, should apply to Stevens, 
Langner, Parry & Rollinson, 5 to 9, Quality Court, 
Chancery Lane, London, W.C.2. W 2206 


* 


‘Radiospares” 
Quality Parts 
The 
Service Engineer's 

‘irst Choice 


QUAZ, 
> 
b 


MAINS TRANSFORMERS 
A.F. TRANSFORMERS 
SMOOTHING CHOKES 

THERMAL DELAY SWITCHES 
SLIDER RESISTANCES 
Made by 


OLIVER PELL CO NTROL LTD 


CAMBRIDGE ROW BURRAGE ROAD 
Teleph Woolwich 1422 
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TYPICAL OPERATION (7wo valves in Push-Pull) 





Anode Voltage 450 volts 
Screen Voltage 250 volts. 
Grid Bias Voltage (approx.) 25.4 volts. 
NOTE: Equivalent grid circuit resistance per valve should Total Anode Current (Quiescent) 100 mA 
not exceed 100.0002. Total Screen Current (Quiescent) 1.6 mA 
‘ Optimum anode to anode load 5,000.2 
R.M.S. Input grid volts per valve 17.5 volts. 
—~ Total Working Mean Anode current with fixed bias 
BASE: MAZDA OCTAL (approx.) 202 mA 
Total Working Mean Screen Current with fixed bias 
(approx.) 21 mA 
Maximum undistorted power output 51.5 watts. 




















{ DU SWANN 


MAZDA 
RADIO VALVES AND CATHODE RAY TUBES 


THE EDISON SWAN ELECTRIC CO. LTD., 155 CHARING CROSS ROAD, LONDON, W.C.2 


RAI9O 





Tne SERIE ciety 
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NEW high efficiency 





Actual size illustration 


RATINGS 


Filament Voltage ..........++.+++ 1.4 volts 
Filament Current ..............+ 0.14 amp 
Peak Inverse Voltage .... 15 max. KV*® 
D.C. Output Current ..... 2 max. MA 
Peak Anode Current ...... 12 max. mA 


Surge Anode Current ..... 40 max. mA 


* For circuits where anode and 
filament voltages rise at approxi- 
mately the same rate, e.g., as in fly- 
back and R.F. oscillator circuits. 
Where used on power input circuits 
with full A.C. anode voltage applied 
on switching, the maximum P.I.V. 
is 1OKV. 


ELH. T, 
rectifier 


for 


Television 
Tubes 


sr 
U37 


MINIATURE BULB 


The Osram Type U.37, because of its low 
heater rating, greatly improves circuit 
efficiency. This miniature directly-heated 
half-wave rectifier has been primarily designed 
to provide E.H.T. for cathode ray tubes from 
an R.F. source or by rectification of the fly-back 
voltage. It is a soldered-in type valve, 48 m.m. 
overall, excluding connections. 








VALVES 






i 
tHE POWER 


IN THE PACKAGE \ 








THE 


GENERAL 


ELECTRIC co. 


HOUSE, KINGSWAY, we. 2 


L7O., MAGNET 








-—_— 
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* /THE AUDIO FREQUENCY BAND 





HE R.C. Oscillator Type D-330 gives a wide range of known levels into 
a 600-ohm load at any frequency from 20 c/s. to 20 kc/s. 


BRIEF SPECIFICATION Post this COUPON 


FREQUENCY: 20 c/s— 20 kc/s. 
ACCURACY: =+1% or better. . BY PASTING ON A POSTCARD 


OUTPUT LEVEL: !1W or 10 mW into 600 ohms, MUIRHEAD & CO. LTD. 








selected by means of a switch. BECKENHAM: KENT: ENG. 
ATTENUATORS:;; 7 steps of 10 db plus 12 db | Please send me Bulletin B-614-C fully describing the 
continuously variable. R.C. Oscillator advertised in Electronic ‘Engineering’. 
HARMONICS: 1-75% total at 1 W above 40 c/s 

1-0% total at 10 mW above 40 c/s. NAME 

HUM LEVEL: 50 db below output level. ADDRESS 








DIMENSIONS: 20}-in x 12}-in x I1-in bench | errr 
mounting — can be supplied for 19-in rack 
mounting if required. 


MUIRHEAD & Co. LTD. cirtccision 
PRECISION ELECTRICAL INSTRUMENT MAKERS [aAQiUi ds lsovp) 


BECKENHAM °- KENT - ENGLAND tectaicac instruments 


Telephone : BECkenham 0041 Telegrams & Cables : MUIRHEADS ELMERS-END M.U.1 
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Valves for Research 


and Development 
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More than twenty years of intensive research work lie behind 
the BTH valves now in production Reliability in use is ensured 
by careful testing of materials and highly-skilled assembly. A 
very wide range is available, especially for radar and industrial o 


applications. 


—— » BRITISH THOMSON-HOUSTON 


RUGBY, ENGLAND 
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Hes Sir 
| that iS Wy baby! 
Type L.T. 
If you have only limited space and require only simple 
switching, then the Type B.T. is the switch you need. It is a 
midget, and has been specially designed for small spaces. Here 
are some new features which we have recently included — 
iFE 
R L @ The contact blades are fixed in a new 
7 0) way. This makes them completely rigid 
ry aD t all the time. 
; H t a @ The drive spindle is positioned definitely 
. Ww \T Cc in the wafer. This provides double 
ER s : bearing. - 
at @ Steady contact resistance. 
@ Improved insulation between contacts. 
Walter Instruments: =~ 
@ Self-cleaning action. 
It ought to be good? It is gooa— 
) LIMITED sensible and efficient. It will last you 
GARTH ROAD, LOWER MORDEN, SURREY TELEPHONE: DERWENT 4421-2-3 a long time. 


CRC 45 


B 
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Laminations 
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TELEVISION OUTLET BOXES 


No aerial installation should be considered complete unless the downlead 
is correctly terminated near the receiver. 

This allows a separate receiver lead to be efficiently plugged in or 
withdrawn and disposes of loose dangling wires which are so often accepted 
by the less discriminating householders or tenants and which, technically, are 


considered bad practice. 


Our recommendations are shown below. 























L624 Coaxial outlet box 
L642/P Standard coaxial plug 


FOR COAXIAL FEEDERS 


The outlet box in the left illustration provides 
a simple, neat and inexpensive method of ter- 
minating }” diameter coaxial feeders*! and is used 
extensively by the radio and television industries. 
It was developed for use with the ‘‘ Belling-Lee ”’ 
range of coaxial connectors which are already a 
standard fitting on so many receivers. 


Features in its design 


. Robust, die-cast case providing continuity of 
screening. Inconspicuous bronze finish. 

. Side cable entry with secure connections 
allowing leads to be looped in, and taken under 
the floor boards out of sight. 

. Screw terminal, for convenient loading of 
centre conductor, obviates soldering. 

. To take “Belling-Lee’’ coaxial plugs L642/P, L619, 
L614 and L615. The socket being located on the 
side, minimises the risk of the plug or socket 
being damaged by brush or vacuum cleaner etc. 


Attenuators 
The outlet box described above is being 
developed with separate internally mountable range 
of attenuators. 





L303/F 3-way Flush mounting socket 
L374 3-way Plug with cord grip 


L303/P 3-way proud mounting socket 
L374 3-way plug with cord grip 


FOR BALANCED TWIN FEEDERS 


The flat pin plugs and sockets illustrated 
above are particularly suitable for use with 
screened or unscreened balanced twin aerial 
feeders*?, 


They have been designed to B.S.666 for 
radio circuits up to 80 volts and are non-inter- 
changeable with mains plugs and sockets. Ideal 
for use with loudspeaker and/or telephone 
extensions, radio relay, microphone units, etc. 


Housings and covers are produced from 
high-grade brown bakelite and the flush mounting 
units can be mounted in wooden or metal boxes 
1” deep and not exceeding 2?” square. 


All types have nickel plated screw connections 
and leads may be looped in. An adjustable cord 
grip is incorporated with the L374 plug which is 
very robust and of attractive design. 


Commonly specified by local authorities for use 
in schools, hospitals and other public institutions. 


* | “ Belling-Lee ’’ coaxial feeder L600 or Uniradio 


*2 “Belling-Lee’’ balanced twin feeder L336 or 
screened twin feeder L1221. 








BELLING ¢& LEE LTD 


CAMBRIDGE ARTERIAL RD., ENFIELD, MIDDX., ENGLAND 
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Further details obtainable on application to :— 


A. C. COSSOR LTD., INSTRUMENT DIVISION, HIGHBURY, LONDON, N.5 , 
e111 
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INSIDE 








L youre interested in switches — and who isn‘t these 
days — spare a minute to examine this ‘X-ray’ picture of a 
Cutler-Hammer 10 amp. switch. See the ingenious ‘snuffer’ 
action — an original C-H feature — which eliminates pitting 
and arcing when breaking heavy loads. Note also that 
the silver alloy moving contact is self-aligning and self- 
cleaning. And finally observe the substantial area of the 
spring-leaf fixed contacts to ensure cool working. 

Now if you’re looking for a robust switch for a real job 
of work, here’s the fellow to do it. May we submit samples and 
details of the wide range of operating mechanisms available ? 


f 


Other British N.S.F. products include : ‘ Oak ’ 
Rotary, Push-button and Slider switches ; Carbon 
and wire-wound potentiometers for Television 
and Radio applications ; Paper tubular capa- 
citors ; Wire-wound resistors. 






CUTLER’-HAMMER 


.— 
== APPLIANCE SWITCHES =| 


= 

















BRITISH N-S-F CO. 


KEIGHLEY : 
Phone: Keighley 4221/5. 
LONDON OFFICE: 9 Stratford Place, W.!. Phone: Mayfair 4234 


Licensees of igranic Electric Co. Ltd. for the above products of Cutler-Hammer inc. 
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INFORMATION 


about the 
switch that 
is superior 
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NOTE THESE C.-H. FEATURES 


@ Famous Cutler-Hammer “ Snuffer’’ action 
@ Spring leaf fixed contacts @ Silver alloy 
Bridging contact @ Long helical actuating 
spring @ One piece moulded case @ Insulated 
toggle lever @ Large headed terminal screws 
@ Quick make and break mechanism. 


Nominal ratings 6 or 10 amps. 250 volts — 
suitable for A.C. and D.C. service. Available in a 
wide range of single and double pole types operated 
by lever, plunger, slider or trigger, with screw 
terminals. Enquiries invited. 


Fo. 
YORKS 
Grams: ENESEF, Keighley 


Milwaukee, U.S.A. 
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WHERE EXTREME ACCURACY IS pep, | 









Made in Three 
Principal Materials 


FREQUELEX 

An insulating material of Low Di-electric 
Loss, for Coil Formers, Aerial Insulators, 
Valve Holders, etc. 


PERMALEX 


A High Permittivity Material. For the 
construction of Condensers of the 
smallest possible dimensions. 


TEMPLEX 


A Condenser material of medium 
permittivity. For the construction of 
Condensers having a constant capacity 
at all temperatures. 


( 


tines 


Bullers 





BULLERS LOW LOSS CERAMICS 





BULLERS LTD., 6, Laurence Pountney Hill, London, E.C.4. Phone: Mansion House 997! (3 lines) 
Telegrams : ‘‘Bullers, Cannon, London. 


Manchester Office: 196, Deansgate, Manchester 
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UNIVERSAL 
VALVE 
TESTER 


This instrument 
will display on a 
cathode ray tube 
the Anode volt/ 
Anode current 
curves for any 
receiving type 
valve. Curves for 
eleven different 
grid voltages are 
shown simul- 


SQUARE WAVE GENERATOR  ‘ancously and a 


ee ‘ ‘ calibration  pat- 
This instrument provides a square wave of amplitudes ‘ ‘ 
from 5mV to 50v peak to peak calibrated, at a tern 1S displayed 
repetition frequency of from Sc/s to 150Kc/s. The enabling the volt- 
mark/space ratio is 1:1 and the wave is flat to within 
less than +1% {op and bottom. og Aitemnative positive age and current 
and negative pulses of 0.05, 0.1, 0.2, or 0.3uSecs can isti 
also be obtained with amplitudes of from SmV to characteristics to 
5v peak to peak. be checked. 


























For further particulars—please write to :— 


CINEMA -TELEVISION LIMITED 


FOREMOST IN THE MANUFACTURE OF 


e Counters & Chronometers @ Metal Detectors @ Oscilloscopes @ Photo-Electric 
Cells @ Cathode Ray Tubes e@ Geiger-Muller Tubes @ Electronic Instruments 


WORSLEY BRIDGE ROAD: LONDON : S°E:26 
Telephone: HiTher Green 4600 






















} 


Northern Agents : Scottish Agents : 
F. C. ROBINSON & PARTNERS LIMITED ATKINS, ROBERTSON & WHITEFORD LIMITED 
308 Deansgate, Manchester 3 100 Torrisdale Street, Glasgow, S.2 
ae 























: 
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To the electrical and radio service engineer ... 
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ope in min 
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The criterion of usefulness of a cathode-ray tube as an 
oscilloscope is the ratio of the screen diameter to the 












: . 5 : yeas ¥ 
diameter of the spot but there is a practical limit to 
the extent to which the screen diameter can be 
reduced, even though the spot size is reduced in 
proportion. One outstanding feature of this oscil- 
loscope is the comparatively large screen for an 
instrument of such small dimensions. Although the 
overall dimensions of the case are 114 in. x 5? in. x 
4} in., the tube has a 23 in. screen. 
J J ad 
List Price : 
£27 .0.0 
(Discount to the Trade) 
The 
Miniature \ 
Cathode-ray 
Oscilloscope 
Type 244 
7 


METROPOLITAN-VICKERS ELECTRICAL CO. LTD. | 
MANCHESTER 17, ENGLAND 


R/E 902 
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The wide range of blowers for force-cooling of 
» valves and maintenance of desired temperature 
levels in electronic and general electrical appar- 
atus is typical of the progress maintained by 
EB} The illustration shows the smallest of 
the blowers (4” Axial Flow type and 23” Centri- 
fugal type), but our range covers duties from 
5 c.f.m. up to many thousands of c.f.m. at pres- 
sures up to 45 or more inches w.g. These blowers 
are used in MARINE & AERODROME RADAR 
INSTALLATIONS, AIRCRAFT AUTOMATIC 
PILOTS, COMMUNICATION AND BROAD- 





CASTING STATIONS, R.F. HEATING sin wel 
EQUIPMENT, Etc. Let us know your aaa 


application—we shall be pleased to put 
forward our proposals. 


| AIR CONTROL INSTALLATIONS LTD. 


Manchester RUISLIP, MIDDX. Glasgow 


Telephone : Ruislip 4066 (8 lines) Telegrams : Controlair, Ruislip 
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TUFNOL : 





RAT 














Tufnol possesses a valuable combination 
of mechanical, chemical resisting and 
electrical insulating qualities that make it many forms of electrical insulation. 
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Retrospect 


". year which has just passed is unlikely to go down 
to history as a notable year, and in attempting a review 
of 1949 it would be excusable if our opinion were prejudiced 
by the impact of 1949 upon us as private citizens. 

The private citizen will undoubtedly look back on_ 1949 
as another year of austerity, exhortation and political 
wrangling and he is not likely to forget the discomforts— 
in many cases, acute discomforts—caused by strikes and 
go-slow tactics. 

However, we feel no such pessimism about our own 
industry and 1949 can be fairly represented as a year of 
achievement. 

Judged from whatever angle, it has been a successful 
year, and since success nowadays is measured in terms of 
export figures, we may reasonably claim to have contri- 
buted our share towards Britain’s economic recovery as 
the following table will show :— 























Total value of exports 
Jan. to Oct., 1949 

Radio Sets, Radiograms and Chassis £2,613,000 
Radio Components, Testing Equipment, 
Sound Reproducing ee and 

Electro-Medical Apparatus iin £3,619,000 
Transmitters, Navigational Aids, General 
Communication Equipment, and In- 

dustrial Electronic Apparatus we £1,686,000 

Valves and Cathode Ray Tubes... hen £1,600,000 

Total for Jan.-Oct., 1949... 9... | £9,518,000 











This table, which is based on figures supplied by the 
Radio Industry Council, gives the total export figure for 
the first ten months of 1949 for the various categories 
shown. The figures for November and December are not 
yet available, but, assuming that exports continue at the 
same rate, the figure for 1949 should fall not far short 
of £12,000,000, compared with £11,897,000 and £10,272,000 
for 1948 and 1947. 

From the television point of view, “1949 has been a good 
year, According to the latest figures again supplied by 
the R.I.C., the total production of television receivers in 
this country for 1949 was 205,500 with a steadily increas- 


D 


ing rate of production throughout the year. During 
December alone the production was over 386,000. 

A glance at the following table of television production 
since the war is very encouraging, even compared with the 


astronomical American figures. 
| 1946 





| 1947 | 1948 | 1949 





Annual production of Tele- | | | | 
vision Receivers <a 6,500 28,200 90,800 205,000 











Production has, of course, been stimulated by the open- 
ing of the B.B.C.’s second television transmitter at Sutton 
Coldfield on December 17, which will be followed by a 
third transmitter during 1951 according to the latest 
proposals. 

Ignoring the initial teething troubles and minor break- 
downs which in our opinion have received far too much 
attention from the Press, Sutton Coldfield has done all 
that was expected of it, and its range has so far exceeded 
the B.B.C.’s forecasts that plans for the third and remain- 
ing transmitters may have to be modified. 

The Sutton Coldfield transmitter and the London- 
Birmingham Radio Relay Link, both of which we have 
briefly referred to in earlier issues, are first class 
examples of all that is best in British engineering practice, 
and, when the accompanying coaxial cable link is installed 
as well, Britain may well claim to have an unrivalled 
system. 

1949 has also been a year of exhibitions, the most 
important of which was Radiolympia. Viewed from 
this distance it appears to have been a most successful 
one with attendance figures not quite equalling the 
1947 record, but how far attendances were influenced by 
the delay in opening caused by the strike of the stand 
fitters is difficult to say. 

If 1949 was, from our point of view, a year of too many 
exhibitions, it is at least indicative of the growth of our 
industry and of the manner in which it is penetrating into 
other industries. Apart from the normal exhibitions 
which have been reviewed in these pages over the last 
year, new exhibitions at which electronic apparatus has 
made its appearance have been the British Industries Fair 
and the Society of British Aircraft Constructors. 
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INDUSTRIAL TELEVISION 


The U.S. Ordnance Department has adopted the ‘‘ Vericon ”’ 
system of closed-circuit television for remotely supervising the 
dismantling of dangerous explosive items. A viewing screen is 
placed in the reinforced concrete control point, from where the 
dismantling tools are manipulated. 

A single camera unit (weight 314 Ib.) can transmit to as many 
as ten separate receivers. An extension viewer (weight 42} Ib.) 
may be a mile away from the master viewer, which in turn may 
be up to 1,000 feet from the camera. The power unit (weight 
49 Ib.) may be as much as 100 feet from the camera. All units are 
portable and can be operated by unskilled users. 


1. Operator manipulating defusin controls. Note pulse power 
unit at left, also in protective shelter. 
2. Close-up of coupling wrench, which is also seen in Fig. 3. 
3. Heavy bomb is slid into position before Vericon camera prior | a 
to defusing. 
4. The camera is light and portable, can be mounted in any position 
and does not require specially trained operators. 
5. Extension viewer with 42 square inch screen. As many as ten 
of these may be wired through the master viewer. 
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Electronic Instruments in Diagnostic Medicine 


Part | 


By H. A. HUGHES, B.Sc., A.R.C.S., A.Inst.P.* 


I N a previous paper’ the author has reviewed the 
application of electronic forms of instrumentation 
to dosage measurements in one particular branch of 
therapeutic medicine, radiotherapy. Continuing the 
survey of electronic aids in medicine, this article will 
deal with a much wider field, that of diagnostic 
medicine. The main fields for electronic develop- 
ment of diagnostic instruments are those connected 
with the measurement of phenomena associated with 
the nervous, cardio-vascular and respiratory systems. 
This includes electroencephalography (£.E.G.), muscle 
and nerve excitation and electromyography (£.M.G.), 
electrocardiography (£.c.c.), and auscultation. 
Certain measurements on physico-chemical and bio- 
chemical properties of biological material which are 
necessary for clinical diagnosis also lend themselves 
to electronic methods. 


Electroencephalography 
(1) General Principles 


The history of encephalography goes back to the 
discovery in 1874 by Caton that there is electrical 
activity in the brains of living animals. Other 
workers during the same century substantiated his 
finding and related this activity to central nervous 
function. ‘ All early work in this field was done with 
capillary electrometers and moving coil galvano- 
meters. In 1906 the Einthoven string galvanometer 
became available and was a great improvement on 
previous types of recording instruments. By 1934, 
Berger had the following findings to his credit: (a) 
the brain of man has an electrical beat which comes 
from the nerve cells and not from blood vessels or 
connective tissue; (b) this beat changes with age, 
sensory stimulation, disease, and various changes in 
the physiochemical state of the body; (c) the beat 
is a mixture of more or less sinusoidal fluctuations in 
voltage with a frequency of 0.3-70 c/s. and a domi- 
nant rhythm of approximately 10 c/s.; (d) the maxi- 
mum trough-to-peak voltage in normal adults while 
awake is approximately 100 #V, and the usual waking 
adult record has an amplitude of 10-50 “V. 

Thermionic valve amplification immediately sug- 
gested itself for this work. Any apparatus which is 
used to record brain potentials satisfactorily should 
possess the following properties: (a) it should be 
able to handle signals having a wide range of ampli- 
tudes and frequencies (as indicated in the previous 
paragraph) without distortion; (b) the signal should 
be amplified sufficiently so that it can be recorded 
on a relatively insensitive inkwriting recorder; (c) 
the signal to be recorded is between two points on 
the scalp rather than between one point and an 





* Physics Department, Medical School, Guy’s Hospital, London. 


arbitrary earth point, and hence the apparatus 
should amplify only those signals between the two 
points (out of phase, or differential signals), and 
not those appearing equally between each point on 
the scalp and earth (in-phase signals), e.g., mains 
interference; (d) the accuracy of the apparatus 
should be unaffected by variations in operating volt- 
ages or valve characteristics. A more complete sur- 
vey of these special requirements for E.r.G. is given 
by Parr and Grey Walter.’ 


(2) Choice of Amplifizr Circuit 


Bearing in mind the requirements (a) and (b) 
stated in the preceding paragraph the use of a multi- 
stage push-pull circuit is immediately indicated. 
Push-pull circuits can handle signals of greater ampli- 
tude than can a single cascade amplifier using identi- 
cal operating voltages. Matthews’ described such an 
amplifier in 1934. The push-pull circuit will dis- 
criminate between in-phase and out-of-phase signals 
if a common cathode resistor is employed, as was 
shown by Offner’ in 1937; a degenerative voltage is 
developed across the resistor for in-phase, but not 
out-of-phase signals. By amplifying this degenera- 
tive voltage, i.e., by applying the feed-back over 
more than one stage, the discrimination factor can be 
increased; thus, requirement (c) can be fulfilled. 
Another type of differential input circuit has been 
devised by Toennies,’ and _ independently by 
Matthews.” This particular circuit is shown as the 
input stage of Fig. 1, an £.£.G. amplifier described 
by Parr and Grey Walter.’ As can be seen from the 
diagram, the output of the stage can be fed on to a 
single-sided amplifier. This type of circuit is remark- 
abiy stable to changes in operating voltages and 
valve characteristics, thus fulfilling requirement (d). 
A detailed discussion of input circuits for biological 
amplifiers has been set out by Saunders,’ who con- 
cludes that the Offner-type circuit is preferable to 
that of Toennies from the point of view of 
ease of adjustment. 

The Offner input circuit must be followed by push- 
pull stages. For some reason British practice has 
been to use single-sided stages, and the complete cir- 
cuit diagram of such an apparatus is shown in Fig. 1. 
The first two stages are battery operated to improve 
stability, but the last two are supplied from a con- 
ventional stabilised mains power pack. An overall 
gain of 10' can be obtained with the circuit. 

Most American E.E.G, equipments have been con- 
structed using push-pull stages throughout. The 
circuit diagram of one such amplifier is shown in the 
paper by Parr and Grey-Walter.’ If a fairly narrow 
frequency band is of particular interest, resistance- 
capacitance coupling between stages is quite 
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satisfactory. This is the usual practice, time constants 
being about half-a-second. In wide-band investiga- 
tions a D.C. amplifier is more satisfactory. Such an 
amplifier is described by Forbes and Grass." 


An E.E.G. equipment is manufactured by Marconi’s 
which has three double channel balanced amplifiers 
and a three-speed recorder. A photograph of the 
apapratus is shown in Fig. 2. A complete description 
of the apparatus has been given by Johnston’ in a 

aper which includes an excellent bibliography deal- 
ing with circuit techniques involved. The amplifier 
has push-pull stages throughout, and the high dis- 
crimination factor of the Offner input circuit is 
increased by using as the cathode-coupling load the 
dynamic anode impedance of a pentode. The reason 
for this increase is that the discrimination factor is 
increased in proportion to the value of the cathode 
load; this can be made quite high using a pentode 
valve, the potential across which is only about 70 
volts, while the use of a resistor of the same effective 
value would necessitate a much larger and incon- 
venient potential. Spurious output voltages due to 
space-charge variations and changes induced by 
heater current changes are reduced to a minimum 
by using a type 6sc7 valve in the first two stages, 
which has an indirectly heated cathode common to 
both triode sections. This type of valve has an 
under-grid connexion which minimises electromag- 
netic and electrostatic induction. From the point of 
view of low-frequency response, the coupled cathode 
circuit is extremely good, and an overall time- 
constant of one second is obtained. The small 
number of capacitance couplings between stages (of 
the four, two are direct) is also of assistance in pro- 
ducing this relatively long time-constant, without 
the use of unusually large coupling capacitors and 
grid leaks. A disadvantage of amplifiers with long 
time-constants is their tendency to ‘‘ block ” for a 


Amplifier with balanced input used for electroencephalographic recording 


long period if an excessive input is applied or an 
input lead is disconnected. In order to overcome 
this, arrangements are made so that when an adjust- 
ment is made an On/Off switch turned to Off will 
short circuit the grids of the fourth and third stages, 
thus dispersing the blocking impulse rapidly. A 
simplified basic circuit diagram is shown in Fig. 3. 


Fig. 2. 


Marconi electroencephalograph, Type OAI80A 
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Fig. 3. Basic circuit of Marconi E.E.G. amplifier (Johnston differential type) 


(3) Electrical Noise 


The amount of useful amplification of any appara- 
tus depends upon the smallest potential change that 
can be detected; this in itself obviously depends upon 
the magnitude of spurious background signals or 
‘noise.’ As the subject of noise is of importance 
in the design of all biological amplifiers it is worth 
while discussing it fully at this stage. The sources 
of noise will be first enumerated, and relations giving 
the magnitude of the noise voltage stated. It is 
convenient to quote the equivalent noise R.M.s. volt- 
age at the input to the amplifier which would give 
rise to the observed noise, because this value can 
then be compared directly with the input pulse. It 
may be assumed that a pulse of peak value V, equal 
to the R.M.S. noise voltage can just be observed. It 
can also be shown that a pulse four or five times this 
size is necessary to ensure comparative immunity 
from spurious measurements due to occasional peaks 
of noise. 

(a) Resistance Noise. This may be troublesome in 
the input circuit and it arises from thermal agitation 
of the electrons and may be accurately calculated 
using the formula.” 

V = 1.28x10-“V R.Af at room temperature where 
Af is the bandwidth, and R circuit resistance. 

(b) Anode Current Shot Noise." This arises from 
the statistical fluctuations at any moment in the 
number of electrons constituting the anode current. 
The noise can be represented by an equivalent noise 
resistance Re given by K/ gm where K for triodes of 
mutual conductance gm is of the order of 2.5. The 
noise voltage can then be calculated as above. The 
use of a screen grid valve in the first stage introduces 
further shot noise due to random variation in the 
partitioning of the cathode current between the anode 
and the screen. 

(c) Grid Current Shot Noise. Random fluctuations 
in grid current may, in high impedance grid circuits, 
give rise to a noise voltage in excess of any other. 


The shot current noise is given by 7’ = 2eisAf, where 
e is the electronic charge, Af the bandwidth, and iz 
the numerical sum of electron and positive ion grid 
currents which may be guessed from the shape of 
the grid current curve (N.B. the measured grid cur- 
rent is the algebraic sum of the two components, 
and thus is less than the numerical sum, which 
actually contributes to noise). If the input circuit 
through which the noise current flows is capacita- 
tive over the bandwidth of the succeeding amplifier, 
the noise voltage is given by: 
VY? = [2c /47°C’] [1/fi — 1/f2] 

where C is the input capacitance and fi, f2 the fre- 
quency limits of the amplifier. V will be reduced if 
the capacitance is shunted by a grid leak of resistance 


to: 

Vv’ = 2eieR?* (f2 — fs) /[ +47 AfsC’R*] 

(d) Flicker Noise.”* A further source of noise 
arises in the constantly changing composition of the 
emitting surface within the valve. For a number of 
valve types it has been found that V’ = 0.1 loge fz/fs 
where V is microvolts and f: and fi are again the 
upper and lower frequency limits of the amplifier 
bandwidth respectively. 

Consider an amplifier with the following circuit 
constants : 

Bandwidth 1 — 100 c/s. 

Input valve, gm = 1 mA/ volt. 

Input capacitance = 30 pF. 

Input circuit resistance = 1 M®, 

Arithmetic grid current = 6 x 10-" amps, 
The separate noise voltages are as follows: 

Anode shot noise, Nil 

Grid shot noise 0.13 #V 

Flicker noise 0.7 #V 

Resistance noise 1.8 #V 

Total noise 1.4 #V. 

As is shown in the above example, for amplifiers 
having a bandwidth from 1-100 c/s. with input cir- 
cuits as commonly used in biological work, resistance 
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as frequency splitters, each reed 
being tuned to a frequency in the 
band to be studied. Each reed 
is provided with a fine steel con- 
tact wire which dips in and out 
of a mercury cup when the reed 
Vi vibrates, but is just out of the 
mercury when the reed is at rest. 
A high resistance, a source of 
E.M.F. and a capacitor are in 
series with this mercury reed- 
contact. The capacitor is charged 
up to a potential which is a 
function of the total duration of 
the contact time, and therefore 


RECORDER 








of the amount of energy at the 























Fig. 4. 


noise predominates. If this can be reduced without 
reduction of signal, flicker noise will contribute most 
of the total. Johnston’ discusses these sources of 
noise in his amplifier. His choice of a 6sc7 valve for 
the input circuit has already been mentioned; how- 
ever, he also points out that only a proportion of 
these valves is suitable, and that initial ageing under 
operating conditions must be carried out to ensure 
optimum performance. Further reductions in flicker 
noise may perhaps be achieved if improvements in 
cathode coating textures can be made. If the biolo- 
gist requires to measure potentials with frequencies 
of the order of 1 per minute, then development on 
these lines is essential. 


E.E.G. Frequency Analysis 

The value of the electroencephalogram in correlat- 
ing brain activity with changes in central nervous 
function lies in the analysis of its frequency com- 
ponents. The significance of the record is obtained 
from a subjective evaluation of its form, amplitude 
and the most dominant frequency; which is described 
only as slow, moderate or fast. It is desirable to 
supplement such a‘ subjective procedure by more 
quantitative objective methods, and to describe the 
curves in terms of numerical physical factors such 
as the amplitude and frequency of the underlying 
components. 

Analytical procedures on £.£.G.’s have had only 
limited success, and mathematical or graphical 
methods are tedious. Gibbs and Grass” have devised 
an ingenious procedure for stepping up the fre- 
quencies so that they can be treated by a standard 
audio-analyser; it has the disadvantage that a small 
section of the record must be arbitrarily selected for 
analysis. Harmonic analysers are either inaccurate, 
or while useful at audio-frequencies are inapplicable 
in the range 2-25 c/s. A number of workers have 
used tuned recorders,“""* each tuned element res- 
ponding to a particular frequency. Among these is 
an instrument described by Grey-Walter” which con- 
sists essentially of a bank of tuned reeds which act 





Circuit of tuned-reed analyser, showing change-over switch and scanning device 


reed frequency during the speci- 
fied time. An amplifier is con- 
nected to each capacitor in turn 
by a motor-driven rotary switch, 
and this amplifier works -a wide 
are recording pen across the 
recording paper on which the 
original encephalogram is at the 
same time being traced. The 
summation epoch is chosen to be 10 seconds, so 
that each 10-second stretch of record has traced 
over it a histogram of its spectrum. The analysis 
is performed automatically every 10 seconds. A cir- 
cuit diagram of the arrangement is shown in Fig, 4. 

The weak point in the above instrument was the 
use of a mercury contact and high resistance as the 
charging circuit for the storage circuit. A modifica- 
tion described by Grey-Walter” uses photo-cells as a 
medium for integraling the energy of the frequency 








Fig. 5. Integrating 
circuit using photo- 
cell and valve 











components. He arranged a barrier layer cell in 
combination with a pentode so that the properties 
of a vacuum photo-cell were obtained, i.e., the cell 
cut off sharply in the dark, and gave rise to a current 
proportional to the illumination over a wide range. 
A shutter attached to the vibrating reed then con- 
trolled the current to the storage capacitor. The 
arrangement is shown in Fig. 5. Fig. 6 shows a 
photograph of the commercially produced instru- 
ment, described by Baldock and Grey-Walter.” 

An ingenious analyser described by Barbour” uses 
the heterodyne principle with a fixed filter, the 
variation in the frequency being achieved by control 
of the frequency of an oscillator whose output is 
mixed with the signal before filtering. This allows 
a filter of higher resonant frequency to be used, 
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Fig. 6. Electronic analyser made by the Edison Swan Electric Co. 
Pre-set controls can be seen at the rear of the cabinet. The main 
relay and averager unit is shown withdrawn 
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element. One advantage which this circuit possesses 
is that the value of any frequency component is 
measured in a time short compared with the varia- 
tions in the amplitude of that component. A block 
schematic of Barbour’s analyser is shown in Fig. 7. 
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Time Calibrator for C.R.T. Traces 
By C. H. BANTHORPE* 


N many uses of the c.R.'T. it is desirable to be able 

to determine the time interval between points on 
the trace. The circuit described has been used and 
found useful by the writer and may be of interest to 
others. 

A common method is to apply marker ‘‘ pips ”’ to 
the trace either as blackout dots or as a deflexion; 
in either case the oscillator which generates the pips 
must be phase locked to the trace. If the trace recur- 
rence frequency is not a sub-multiple of the pip fre- 
quency (a most unusual condition), the pips oscilla- 
tor has to be started at the beginning of the trace, 
and stopped at the end. The oscillator used in the 
circuit described here uses a single valve only and 
fulfils all the requirements. 

It will be seen to consist of a valve, in the anode 
of which there is a delay line. When the valve is 
switched on by its suppresscr grid, the anode takes 
current, and the anode potential falls. This negative 
front travels along the delay line and eventually 
reaches the control grid ‘and biases off the valve. 
The anode then ceases to take current, its potential 
rises, and this positive front travels along the delay 
line and eventually switches on the valve. This 
yee of events is sianisinteac until the suppressor is 
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biased off, when the oscillator will at once cease to 
function. 

It will be seen that it starts instantly, generates 
square waves of constant amplitude which may be 
differentiated to provide pips, and will stop instant’y. 

Tne triggering waveform which is applied to the 
suppressor can be obtained by differentiating the 
sawtooth voltage waveform used for the c.R.7. 
deflexion, or from the brightening pulse of the 
C.R.T. 

One interesting application of this circuit is the 
generation of vertical bars in a television waveform 
generator. Negative line sync. pulses are applied to 
the suppressor, and during the line scan, square 
waves of suitab'e duration are generated and mixed 
with sync. pulses. 
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A D.C. Amplifier Using an Electrometer Valve 


By D. H. PEIRSON, B.Sc., A.Inst.P. 


JR CENT reports indicate that a departure from 
orthodox D.C. amplifier technique to one that 
uses some form of mechanical modulation, such as 
a ‘‘chopper’”’ or varying capacitor,’ can produce 
great improvements in amplifier stability. In this 
paper, however, only conventional methods of D.C. 
amplifier design are considered. 

The limit to the accuracy of measurement of small 
currents from ionisation chambers is set by the 
stability of the D.C. amplifier used to amplify the 
voltage across the chamber load. The stability or 
freedom from “ drift’? of such an amplifier is 
dependent upon the voltage stability of the power 
supply and the temperature stability of the imme- 
diate surroundings. 

Various known methods of reducing drift have 
been considered and the performances compared. 
In order to reduce the amplifier controls to the 
minimum required for zero-balancing, the present 
approach to the problem discards any means of cir- 
cult compensation for supply voltage variation and 
relies upon a highly stable power pack. Under 
these conditions external temperature variation 
exerts a limiting effect upon amplifier stability. 


Causes of Drift 


Much effort has been directed towards eliminat- 
ing objectionable zero-shift in valves used as D.C. 
amplifiers. This zero-shift, more commonly known 
as drift, 1s caused by variations in the supply volt- 
age and in the temperature of the immediate sur- 
roundings. Changes in H.T. voltage at the anode 
may be referred to an equivalent change at the 
grid; changes in L.T. voltage and external tempera- 
ture produce a change in space current which arises 
from changes in contact potential or cathode emis- 
sion. The effect of these variations may be expressed 
as an equivalent change in grid or input voltage. 

A form of discontinuous zero-shift in amplifiers is 
caused by mechanical disturbances such as vibra- 
tion or shock. This phenomenon may be attributed 
to an irreversible shift or creep in the electrode 
structure and except in extreme cases is easily 
avoided by suitable flexible mountings and sound- 
proofing. 

The application of D.C. amplifiers to the measure- 
ment of small ionisation chamber currents requires 
that input grid current variations should be in- 
appreciable compared with the currents to be 
measured. The achievement of sufficiently small grid 
currents (10-" — 10-" A) inovlves use of the elec- 
trometer type valve operating at reduced electrode 
potentials and emission.* This restriction compli- 
cates the maintenance of stable conditions within 
the valve because of the reduced space charge and 
of the increased importance of contact potential 
variations in relation to the low electrode potentials. 


Methods of Reducing Drift 


As there are numerous methods devised to mini- 
mise drift a complete account’ of work in this field 
will not be attempted. It is possible to classify most 
of the methods under two headings: (a) those 
which compensate for drift by applying correction 
through an auxiliary electrode or circuit and (b) 
those which balance in a bridge circuit the drift 
effect in the amplifying valve against effects due to 
a similar component in an opposing arm. 

Compensation methods of reducing drift in D.C. 
amplifiers have been discussed in some detail in an 
unpublished paper, but for the present purpose the 
principle of compensation was rejected in favour of 
balanced bridge method, for reasons developed 
below. 


Balanced Amplifiers 


The basic bridge circuit illustrating the principle 
of balancing drift effects is shown in Fig. 1. Assum- 
ing the two valves remain identical in characteris- 
tics, balance may be maintained over a wide range 
of supply voltages. Potentially the balanced pair 
of valves provides an inherently stable arrange- 
ment: unfortunately it is difficult practically to 
produce great similarity in the pair without great 
care in manufacture and selection. Additional 
compensation may be applied by circuit adjustment, 
the conditions for which have been analysed by 
Wynn-Williams and by Nottingham,’ but the 
improvement thus gained is off-set by the increased 
complexity of setting-up and initial adjustment, 
particularly as the activity of an oxide-coated emitter 
tends to vary with changes during adjustment of 
electrode potentials and emitter temperature. Thus 


Balanced Circuit 


Fig. |. 
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Fig. 2. Temperature Curve—DBM2A 


the split rpe-54 double electrometer valve (a logical 
development of the balanced pair), described by 
Yafferty and Kingdon*® and which has a reported 
long-term drift of less than 1 mV when operated 
from batteries, requires considerable circuit adjust- 
ment and manipulation before use. 


Present Approach 


For certain ionisation chamber measurements a 
long-term drift of not greater than 1 mV seemed 
both desirable and possible. It was felt that the 
most promising and convenient means of reducing 
long-term drift was provided by the double valve 
balanced bridge circuit, since the symmetry of the 
arrangement promised stability with a minimum of 
complexity and adjustment. The Ferranti double 
tetrode electrometer valve was available for this 
purpose. An early version (type pDBM2a)' operates 
from a common filament and space charge grid, an 
arrangement that will equalise emission variations 
due to supply or temperature changes in each sec- 
tion of the valve. In addition, the proximity to one 
another of the two sections will reduce the effect 
of stray interfering fields. A grid current of 10-"A 
may be achieved by operating at suitably reduced 
electrode potentials and filament current at high 
grid insulation, and within a light-tight box. In a 
double valve bridge circuit the effect of grid current 
upon drift depends upon the differential variations 
in current at the two grids. If the two sections of 
the valve operate from a common cathode, these 
variations should be considerably smaller than in 
the single valve. Since the gain of the electrometer 
stage is usually less than unity, the effect of drifts in 
the following amplifying stage is important. The 
valve used in this and the succeeding stage is the 
twin-triode common cathode 12sc7, having a rated 
heater current (150 mA) low enough for convenient 
stabilisation. The Osram vx3088, having a 19V, 
100 mA heater, has proved a suitable alternative to 
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the American 12sc7. Since it 
teme*c may be necessary to operate 
475 the amplifier continuously for 
days and weeks, the presence 
of common filament or cathode 
should tend to equalise, in the 
two sections of the several 
valves, slow emission changes 
due to ageing. 
49 
Drifts due to Supply Variations 


Close identity of the two sec- 

tions of a double valve would 

SO ~— be fortuitous in the present 
stage of manufacturing tech- 
nique, so it was decided to 
investigate theoretically and 
experimentally the conditions 
required for compensating a 
lack of similarity in the bridge 
circuits. With reference to 
Fig. 1 and the appendix: it 
will be seen that the conditions 
for independence of H.T. and 
filament (or heater) variations 
may be fulfilled by adjusting two of the quantities 
anode load, grid bias, filament (or heater) current 
or individual u.T. voltage. By carrying out these 
adjustments successively, with considerable care it 
is possible to reduce the drift from 20 mV (in the 
case of a badly uncompensated valve) to 70 micro- 
volts for 1 per cent change in either H.T. voltage or 
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filament current. In view of the complexity of ful- 
filling one or both of these compensation conditions 
(H.T. compensation could possibly be dispensed 
with), together with the condition of zero balance of 
output vollage, it was decided to simplify setting- 
up, operation and maintenance by adopting high 
stability in supply voltages in preference to any 
means of circuit compensation in the amplifier, as 
the latter involves quite critical adjustments, pos- 
sibly varying slowly with age. Accordingly a pewer 
pack supplying 170 mA at 200V (for u.T. and heater 
current) was designed to vary not more than 1/40 
per cent for 10 per cent changes in the 230 V mains, 
a 120 V battery being used as a reference level. The 
temperature coefficient of the battery is approxi- 
mately 1/50 per cent per “C. 


Temperature Effects 


Operating the amplifier from this power pack and 
allowing some 20 hours to reach equilibrium, there 
occurred slow drift in output that could not be attri- 
buted to supply variations. By enclosing the elec- 
trometer stage in an oven and applying variations 
in temperature measured by thermo-couple, an 
appreciable temperature coefficient of drift was 
observed in the electrometer valve. Fig. 2’ illus- 
trates a typical example, giving a coefficient of 1.25 
mV/°C., the bridge circuit being balanced for zero 
output but otherwise uncompensated. For compari- 
son a typical 12sc7 or vx3088 stage has a coefficient 
of from 0.1 mV/°C. to 0.2 mV/°C. In each ease it 
was established that the circuit components con- 
tributed inappreciably to the effect measured. 

As an explanation of this undue dependence upon 
temperature it is suggested that owing to the prob- 
able geometrical asymmetry in the valve a change 
in external temperature causes : 

(a) a change in emission but unequal changes in 
anode current, 


(b) unequal changes of valve characteristics due 
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to unequal expansion or contraction of the electrode 
structure; 

(c) unequal changes in electrode potentials due 
to contact potential variations. 

Lack of symmetry is suggested by the filament 
arrangement of the pBM2A in which each section 
of the valve is operated from opposite “legs ”’ of 
a V-shaped filament. Further evidence is obtained 
from Fig. 3, where the effect upon the valve charac- 
teristic of reversing filament polarity is illustrated. 

It has been difficult to investigate experimentally 
the effect of external temperature change owing to 
lack of suitable specialised equipment. Hypotheses 
(a) and (b) are unsupported, as far as is known, 
by any published literature. The possibility of an 
effect due to (c) is supported by an investigation of 
valve to valve variation of contact potential, due 
to contamination of the grid by cathodic barium, by 
Liebmann* and a discussion of the temperature 
variation of work function by Jones.’ 

Since temperature has a limiting effect upon ampli- 
fier stability and since temperature control and any 
attempt at circuit compensation for temperature 
change was considered tedious and inconvenient it 
was thought to be more profitable to reduce the 
effect by attention, in design and manufacture, to 
increasing the similarity between the two sections 
of the double valve. 


Electrometer valve type DBM8A 


version of the Ferranti 
double electrometer valve has shown decided 
improvement and a later version, the DBM8A, 
operates from 120 mA heater current, exhibits a 
temperature coefficient of not greater than 0.2 mV/ 
°C., grid current of approximately 3.10-" A and grid 
insulation, when carefully cleaned, usually greater 
than 10” ohms. 

As summarised by Little,” the advantages asso- 
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AMPLIFIER DRIFT 
(referred to input) 


mV 





fe) Oo 20 3% © HD 6. 7 
TIME (HOURS) 
Fig. 6. Record of DBM8A amplifier drift. Grid resistors 10° 


ciated with the indirectly heated cathode compared 
with a filament are: 

(a) greater ease of symmetrical location; 

(b) the cathode is maintained at a uniform poten- 
tial; 

(c) less microphoniec disturbances owing to greater 
rigidity of mounting; 

(d) a larger space charge which decreases the effect 
at the anodes of a change at the cathode. 

Characteristic curves of directly and _ indirectly 
heated electrometer valves are shown in Figs. 4 and 
5, from which the similarities of g and SJa/éIf be- 
tween the two sections of each valve may be 
compared. 

Drift in a push-pull or balanced amplifier in- 
corporating a DBM8A in the electrometer stage 
followed by two 12sc7 stages showed a maximum 
fluctuation of + 1 mV over periods of several days, 
the amplifier being enclosed within a large thermally 
insulated box. Fig. 6 shows a typical amplifier drift 
record after suitable warming-up. The fluctuations 
may be attributed to residual effects of temperature 
and mains variations, the relative magnitudes of 
which are difficult to estimate, and possibly to the 
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effect of slow variations or ageing in valves and com- 
ponents. Fig. 7 demonstrates drift during the 
warming-up period, the amplifier approaching equili- 
brium conditions after about three hours running. 
Both amplifier and power pack were switched on 
from the cold state at the commencement of the 
record. (As comparison, a DBM2A amplifier re- 
quires from 10 to 20 hours warming up, as may be 
expected from the larger temperature coefficient of 
drift.) As an indication of the effect of grid current 
variation Fig. 8 compares records of drift with grid 
resistors of 10° and zero ohms in each grid circuit. 
Thus a difference of 0.25 mV variation in drift would 
represent a difference of 0.25 x 10-" A in grid current 
between the two sections of the valve. 

The gain of the amplifier is approximately 700 and 
provides a maximum undistorted output of + 33 
volts. Negative feedback from 0 to 100 per cent may 
be applied. 

Circuit Details (Fig. 9) 

The power pack is of conventional design, consist- 
ing of a positive voltage regulator cv345 (V8) series 
valve controlled by V10,. which is in turn balanced 
for heater variations by V1l. The anode of V10 is 
connected to the screen of V8 which is fixed at a 
potential equal to the sum of a regulated positive 
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output voltage (200 V) and the voltage across the 
neon stabiliser V9. The power pack is balanced for 
mains variations by the controls RV3 and RV4. 
Where mains’ variations larger than + 20 per cent 
are expected it has been found advisable to place a 
constant voltage transformer before the power pack. 

The 100 volt negative supply is stabilised by neons 
V5 and V6 and varies 0.05 per cent for 10 per cent 
variations in mains. The regulated 200 volts posi- 
tive supply varies not more than 1/40 per cent for 
mains changes of 10 per cent in voltage or 6 per cent 
in frequency. A 120 volt battery is used as a 
reference level. 

In the amplifier the electrometer (V1) and first 
12sc7 (V2) stages may be balanced by controls RV1 
and RV2 in the respective anode, circuits. The 
heaters of V1, V2 and V3 are connected in series from 
the regulated 200 volt supply; overheating the drop- 
ing resistors is avoided by suitable under-running. 
The order of connexion is such that the electro- 
meter heaten is biased positively with respect to 
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cathode as this measure has been found to decrease 
long-term grid current fluctuations. The earth 
return from the heater line is taken to the power 

pack chassis by a lead separate from the main earth- 
a connexion. The stage V3 converts from push- 
pull to single-ended operation for connexion to the 
cathode follower (V1i2) output stage mounted in the 
power pack chassis. The electrometer is operated 
with grid resistors in both sections to balance grid 
current effects. These large value resistors must be 
of high quality and_ stability, such as_ the 
‘* Victoreen.”’ The operative grid resistor is 
returned to the feedback control RV7. 

To overcome oscillatory instability it was found 
necessary to shunt both anodes of V1 and the grid 
of V12 by silver mica capacitors; also, grid and 
anode “ stoppers ’”’ are used where necessary in the 
amplifier and voltage regulator circuits. Through- 
out, great care must be taken with screening and 
with soldered and plug-socket contacts. No special 
provision has been made against vibration and 
mechanical shocks. The amplifier can with advan- 
tage be mounted on rubber supports. 

Acknowledgments are due to the Director, Atomic 
Energy Research Establishment, Harwell, for per- 
mission to publish this paper. Much of the work 
described is due to the advice and assistance of Mr. 
D. G. A. Thomas, Mr. F. B. Whiting and Mr. N. F. 
Wood, of A.E.R.E., and of Dr. J. A. Darbyshire and 
his colleagues at Messrs. Ferranti. 
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APPENDIX 
Compensation conditions in the double valve bridge 
circuit 


With reference to Fig. 1, it is required to establish 
operating conditions that minimise effects due to 
H.T. and heater variations. 

In the two sections of the valve, let 

R:, R: represent the respective anode loads 

Ia:, Ia2 represent the respective anode currents 

P:,P2 represent the respective anode impedances 

Va:, Va: represent the respective anode potentials 

Vur represent the common H.T, potential 

I: represent the common heater current. 
Changes in anode current and voltage due to 


increments 5Vur and 4] are given b 
Ola Ola 
Sfa:. = oe —— })5Va 
la OL I: + (zim Va 
1 6V 
- (22) ay 5 Me 
éIr Px 
Pr 


and 6Va:i = —R:8Ia + 8V ur 


Ri + 1° 
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The condition that the push-pull output should 
be independent of H.T. variations is :— 

















8Va:—5Va: = 0 
8Va SVa 
oe 0 
SVur 8V ur ual 
1.e., 
pr ees ps 
(R: + 1)’ (R: + p2)? 
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The condition for independence of heater varia- 
tions is 
8Va 
ee ag ee es 
31. —¥ Vur = 0) 
‘ - Rip. Ola Bea Be rs ee 
“Renta, Bow * \ 
Using (2) 
Ri | sd | Cla : 
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The compensation conditions (2) and (3) may be 
fulfilled simultaneously by adjustment of two of the 
three quantities R, p and (@la/0I:), p and (@la/ 
Olt) being altered by adjustment of grid bias, I: or 
individual u.T. potentials. In practice, each of the 
two selected variables is adjusted successively to 
reduce the change in push-pull output for small 
changes in the corresponding supply voltage. This 
is repeated until sufficient compensation is obtained. 
This state will hold for the range of supply voltage 
variation over which the valve may be considered 
to operate in a linear manner. 


It is interesting to note that a combination of (3) 
and the condition for zero-balance of output poten- 


tial gives 
Re (2) (3) 
| ie als 


and Ve. = Vas 1... = —— 


ve, a = (Mla | Ala 
~~ Ta: ( Ol le 
By consideration of the anode current and heater 

current characteristics for each section of the valve, 
this last expression may be interpreted as meaning 
that in the fully compensated and zero balanced 
condition the tangents at the operating point on 
each curve should intersect on the Ir axis. By 
inspection of the characteristic curves, this furnishes 
a means of determining the correct operating point 
and also whether it is practically possible to satisfy 
simultaneously the three conditions for the parti- 
cular valve. 
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A Beam-Switching Circuit 


By ROSEMARY MILNE, Grad.1.E.E.* 


HERE are several well known methods of photo- 

graphing cathode ray tube traces. Transients 
are usuaily recorded on moving film without a time- 
base, or on stationary film by means of a single 
sweep time-base. Recurrent phenomena are dis- 
played on a time-base synchronised with the signal, 
and several cycles are photographed. 

Some phenomena, however, cannot be properly 
classified as either transient or recurrent. The 
problem which gave rise to the design of this circuit 
was the measurement of the distortion of a brake 
drum during a brake application. The distortion at 
any one point on the surface of the drum can be con- 
sidered as a transient with respect to time, and the 
distortion at any one instant can be considered as 
recurrent with respect to distance, one cycle corres- 
ponding to the circumference of the drum. In order 
to measure the distortion all round the drum during 
the whole of the brake application, the surface of 
the drum may be rapidly “‘ scanned ”’ by the pick- 
up device. The output from the pick-up then has 
a definite repetition frequency, but successive cycles 
differ slightly from each other. 

It is, of course, possible to photograph the whole 
of the distortion record on continuous film, but this 
method uses large quantities of film and provides an 
unnecessary amount of information. A more econo- 
mical method is to synchronise or couple a time-base 
to the repetition frequency and to photograph a 
number of single sweeps of the time-base. The 
phenomenon can be continuously observed on a 
monitor tube. 

A suitable circuit for coupling a time-base to a 
rotating shaft was described in this journal recently’, 
and a circuit is described below which switches on 
the electron beam of the c.r.T. during the sweep of 
the time-base following the sweep during which the 
operating push-button was released. 


General Description 


The first stage is the ‘‘ pulse-shaping unit ’’ which 
produces negative pulses from the flyback of a saw- 
tooth time-base voltage. 

The next stage is an Eccles—Jordan trigger circuit 
which is triggered by pressing a button, and 
returned to normal at the end of the time-base 
sweep during which the button was released. 

The last stage, also an Eccles-Jordan trigger cir- 
cuit, is triggered by the return of the first trigger 
circuit and is returned to normal after one sweep 
of the time-base. The output voltage of the circuit 
is taken from the anode of one of the valves of this 
last stage and applied to the grid of the c.R.t. 

The waveforms at various parts of the circuit are 
shown in Fig. 1 and a complete circuit diagram in 
Fig. 2. 








* Physics Laboratory, Ferodo Limited. 


Circuit Details 


Pulse-shaping Unit. 

This beam-switching circuit was designed to work 
primarily with the time-base circuit described by 
Marshall,’ which requires an input impedance of the 
order of 100 megohms. The maximum permissible 
grid leak for a normal valve is 3 megohms. How- 
ever, if a very small coupling capacitor is used, the 
input impedance will be effectively high during the 
sweep time and the sweep voltage will not be much 
reduced. C1 has, therefore, been made 10 pF and 
R1 3 megohms. This arrangement produces small 
positive pulses during the flyback time and smaller 
negative pulses during the sweep time from the 
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Fig. |. Waveforms (not to scale) 

waveform shown in Fig. 1(a). The relative ampli- 
tudes of the pulses depend inversely on their relative 
durations because the mean voltage is zero, i.e., in 
Fig. 1(b) the area above the zero line equals the 
area below. 

The pulses are amplified by the pentode V1. The 
flyback pulses, which are now negative, are passed 
by C3 and R5, but the sweep pulses are short- 
circuited by the diode V2. The waveform is then 
as in Fig. 1(c) and is suitable for operating the 
trigger units. If the time-base waveform is of oppo- 
site polarity to Fig. 1(a), the diode V2 should be 
reversed and positive pulses will then be produced. 


a 


1950 


vork 
| by 
the 
sible 
low- 
the 
the 
uch 
and 
mall 
uller 
the 


RM 


OF Vi 


February, 1950 


Electronic Engineering 55 





















































OUTPUT 
TO GRID 
PULSE UNIT ; FIRST TRIGGER CIRCUIT OF CRT SECOND TRIGGER CIRCUIT 
HT+300v, 
t oe 
' Riz 2 Co Cio 
; Rig 
| 
Vs Rig R20 V6 
INPUT FROM 
TIME BASE \ os em 
OA | 
C} Ra 
| aa 
Ri | . 
Ry R22 Rag $e 
! 
t - 4 - pet 
Ri4 x 
| 
| 


R, 3M RR, IM Ry, 10M Ry, 10K Ry, 1OK Ry, 2M C, 10pF. 
R, 100K R, ISK Rio3M RySM Ry, lOK Ry IM Cy O.5uF C, O.MuF. 
R, 390K R, ISK Ry, 5M Ry2M Ry 10M Ry 3M C, OduF C 
R, 1.5K gRe 10M Ry 3M Rye IM Ry lOM Ry 8K C, SOpF. 


C; 50pF. Cy, S5OpF. V, EF36 (Mullard) V,; L63 (Osram) 
Ci) 5O0pF. V, EASO ‘3 V, L63 5 
O.luF. C,, 0.1 uF. V; L63 (Osram) 


C, 1000pF. Cy, 25uF. Vi L63 ,, 


Fig. 2. Circuit diagram with component values 


Alternative Sources of Operating Pulses. 

When a Puckle’ time-base is used, negative pulses 
may be obtained from the anode of the triode and 
applied to the junction of C6 and C7, the pulse 
shaping circuit being omitted. 

If the time-base circuit used does not require an in- 
put impedance of more than 4 megohms, and if the fly- 
back time is short compared with the sweep 
time, the pulse-shaping unit may again be omitted 
and C6 and C7 reduced in capacitance so that with 
R11 + R10 and R14 + R23 respectively, they act 
as differentiating circuits and produce positive pulses. 
Polarity of Operaiing Pulses. 

The connexions shown in Fig. 2 are for use with 
negative pulses. If, however, the circuit is to be 
operated by positive pulses, the push-button and the 
capacitor C8 should be connected to V3 instead of 
V4 and the output should be taken from the anode 
of V6. 

Trigger Circuits. 

These are two similar Eccles-Jordan circuits. 
Negative pulses from the pulse-shaping unit are fed, 
via decoupling resistors R11 and R14, to the grids 
of V3 and V6. Normally, therefore, V4 and V5 are 
conducting. The operating push-button (P.B.) con- 
nects the grid of V4 to earth and so triggers and 
holds the first trigger circuit. This action passes a 
positive pulse, via C8 and R15, to the grid of V5, but 
it has no effect, since V5 is already conducting. 
When the button is released, the circuit remains 
stable until the end of the time-base sweep, when 


a negative pulse reaches the grid of V3, and returns 
the first trigger circuit to normal (i.e., V4 conduct- 
ing). A negative pulse is passed to the grid of V5 
(see Fig. 1(d)), and since this pulse is made longer 
than the pulse which arrives simultaneously at the 
grid of V6 from the pulse unit, the second circuit 
triggers (i.e., V6 conducts). After one sweep of the 
time-base, the negative pulse on the grid of V6 
returns the circuit to normal (see Fig. 1(e)). The 
anode voltage of V5 is applied, via the output con- 
trol R16 and a blocking capacitor C11, to the grid 
of the c.r.t. A grid resistor of 500 k is suitable. The 
grid bias of the c.R.T, is adjusted to keep the beam 
normally switched off. 


Performance and Adjustment 


It is difficult to quote figures for performance, 
since the operation of the circuit depends on both 
the time-base frequency and the flyback time. If 
the latter is too long, the pulses produced by the 
pulse unit are not of sufficient amplitude to trigger 
the trigger units. If the sweep time is too short, 
the pulse from V4 holds the grid of V5 negative 
longer than one sweep time and more than one sweep 
is brightened. However, the circuit will operate over 
a very wide range without adjustment. With the 
component values shown in Fig. 2, the circuit has 
been found to operate with flyback times of more 
than 1/100 sec. and sweep frequencies higher than 
50 per second. The flyback time in these tests was 
about one-seventh of the sweep time. 
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In order to use the circuit with flyback times 
longer than 1/100th second the time constant Rl, C1 
should be increased and, for very much longer times, 
it may be necessary to increase C8, R15 as well. Con- 
versely, for sweep frequencies higher than 150 per 
second, C8 (R15 + part of R22) should be reduced 
and, if the fiyback time is less than 300 micro-secs., 
C1, R1 should be reduced as well. The time constant 
Cll (R16 + grid resistor of c.R.T.) should be about 
20 times as long as the longest sweep time to be 
used. 

The bias on the c.n.t. grid should be just sufficient 
to switch off the beam and the brightness of the 
single brightened sweep should then be controlled by 
R16. This arrangement gives the most even brighten- 
ing of the trace. 

The potentiometer R22 adjusts the amplitude of 
the pulse passed from V4 to V5 and should be adjusted 
so that the circuit will just operate. 


February, 1950 


Further Uses 


In addition to the use for which this circuit was 
originally designed, namely brake testing, there are 
a number of others. The indicator diagrams of 
engines running at varying speeds and electro- 
cardiographs are typical examples of phenomena of 
which successive cycles are similar but not identical. 
When observing a recurrent phenomenon on a C.R.0O., 
it is usual to employ a synchronised time-base. If 
this is not convenient, the circuit described above 
can be used in conjunction with a long-delay screen 
and the phenomenon can be observed without a 
synchronising signal and its attendant difficulties. 

The author wishes to express her thanks to Mr. 
William Smith, Chairman of Messrs. Ferodo, Ltd., 
for permission to publish this paper. 

References 


1 P. R. Marshall, #lectronic Engineering, March 1949. 
2 0. S. Puckle see “‘ Time Bases ” (Chapman & Hall) 1943, p. 30. 


MAGNETIC TRANSDUCING HEADS 


MAGNETIC transducing head, with a ring- 

shaped magnetic core, as illustrated, is well 
known, and in magnetic sound recording and repro- 
ducing apparatus three such heads are commonly 
used for erasing, recording and reproducing respec- 
tively, although it is also known to combine the two 
latter functions in a single head. 

In certain kinds of magnetic transducing appara- 
tus, it would be of advantage to use only a single 
head which could fulfil all three functions as and 
when required, thereby reducing the size and cost 
of the apparatus. Such an arrangement is eminently 
suitable for use in a sound reproducing device 
utilising an endless loop of magnetic tape on which a 
message, once recorded, is required to be repeated 
a large number of times, and the operations of 
erasing and re-recording are likely to be carried out 
only at infrequent intervals. For example, in a 
device of this kind for use in conjunction with traffic 
lights a directive message recorded on the tape is 
required to be reproduced cyclically in timed rela- 
tion with the visual signals, such that suitable 
audible warnings or instructions are issued to 
pedestrians at appropriate times. 

Referring to the illustration, it will be seen that 
the ring-shaped magnetic core has two diametrically 
opposed non-magnetic gaps, the widths of these gaps 
being of the order of 0.001 in. and 0.010 in. respec- 
tively. The magnetic tape is adapted to run 
tangentially past the narrower or operative gap, and 
the rear gap is provided to reduce remanence in the 
core and to ensure that the core does not become 
magnetically saturated. 

In accordance with the present proposal the rear 
gap is also utilised to effect erasure of a previous 
recording. For this purpose ‘the tape may be lifted 
from the front to the rear of the head to bring it 
into operative relation with the rear gap, or, alter- 
natively, the head may be mounted so as to be 
rotatable through 180°. 

In a compact sound reproducing device embody- 


ing the present proposal and suitable for use in con- 
junction with traffic lights, etc., it is necessary to 
include only a suitable reproducing amplifier and 
loudspeaker. When it is desired to make a new 
recording the transducer head windings are con- 
nected to an external source of H.F. oscillations or 
other erasing means and, with the tape operatively 
associated with the rear gap, the old recording is 
erased. After having returned the tape, or the trans- 
ducer head as the case may be, to its original posi- 
tion, a new recording can then be impressed upon 
the tape with the aid of suitable external recording 
equipment. If, as is usual, the recording is effected 
with an accompanying H.F. bias, a commen source of 
H.F. oscillations may be used to provide both the 
erasing currents and the recording bias. 

To facilitate connexion of the transducer head 
windings for reproducing, recording or erasing, the 
windings may be associated with a suitable selector 
switch. 

—Communication from E.M.I., Ltd. 
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Noise in Fixed Resistors 


By FRANCIS OAKES 


LUCTUATION voltages, generally referred to as 

‘noise,’ appear across the terminals of any 
resistor whether this resistor carries a current or 
not. These fluctuation voltages derive their more 
common name “‘ noise ” because of the interference 
they cause in certain radio circuits, which is of an 
audible kind. Apart from their adverse effects in 
raising the level of background hiss, noise voltages 
are the cause of undesirable phenomena in other 
electronic circuits, such as high gain audio and wide- 
band amplifiers, sensitive valve voltmeter circuits 
and similar devices where small signals are handled 
by high resistances carrying a relatively large D.c. 
voltage at the same time. 

The fluctuation voltages can be due to various 
causes which may be responsible separately or simul- 
taneously for the phenomena produced. The best 
known of these causes is the thermal agitation of 
electricity, also called the Johnson effect. Thermal 
agitation noise is particularly well known in con- 
nexion with high frequency amplifiers. The lesser 
known resistance fluctuation noise is more _ pro- 
nounced at lower frequencies and, at normal tem- 
peratures, can be responsible for much larger noise 
amplitudes than most other sources of resistor noise; 
for this reason, and because little has so far been 
published on this subject, resistance fluctuation noise 
will be discussed in detail. The remaining pheno- 
mena are chiefly due to chemical action, ageing and 
mechanical effects such as microphony. They occur 
less frequently and, in general, should not produce 
very large noise amplitudes in an ordinary radio 
resistor. 


Thermal Agitation 


Whatever the type, material or resistance of a 
resistor, thermal agitation is always present. It is 
explained by the action of free electrons in the 
resistor which are in random motion in equilibrium 
with the thermal motion of the molecules of the 
resistor; the charges of the electrons are in motion 
relative to the molecules, and in this way they con- 
stitute element-currents flowing within the resistor. 
The p.p.s which they produce add up to the fluctuat- 
ing voltage apparent across the terminations of the 
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Noise trace of composition resistor (solid) under load {MQ 
half watt, 2.5 uV per volt 


resistor. The fluctuation frequencies of thermal 
agitation voltage are uniformly distributed over the 
whole spectrum. Their r.M.s. value is dependent 
only on the temperature of the resistor and on the 
resistance value. R.M.S, values over different band 
widths and for resistance values from 100 ohms to 
1 megohm are shown in Fig. 1. The diagram repre- 
sents values at room temperature, approximately 
20° C. When a current flows through the resistor the 
electrons thereby moved produce a small increase 
in the magnitude of thermal agitation noise. It is 
an important distinction between this and all other 
types of noise, that the magnitude of thermal agita- 
tion voltage can be calculated mathematically from 
the resistance, temperature and current data alone, 
being independent of the other properties of the 
resistor, and that its frequency distribution is uniform 
over the whole spectrum. 


Resistance Fluctuation Noise 


In the case of certain resistances, especially such as 
carbon composition and carbon track resistors, a 
much greater increase in noise voltage can be 
observed with increasing current than could be 
accounted for by the action of thermal agitation. 
The frequency distribution of this additional noise 
component is no longer uniform, but from about 30 
cycles per second upwards decreases with increasing 
frequency. Therefore the major portion of the 
energy is produced within the audio-frequency band. 
Furthermore, the amount of noise produced is no 


Fig. 3. 


Noise trace of composition resistor (solid) under load 
EMQ, half watt, 0.3 uv per volt 
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Fig. 4. Noise trace of carbon track resistor (Film) under load 
i » t watt, 20 Vv per volt 


longer independent of physical properties other than 
temperature and resistance value. It varies accord- 
ing to the material and construction of the resistor, 
and even within one particular type and size, the 
amount of resistance fluctuation noise can vary con- 
siderably from sample to sample. Especially for 
high-valued carbon composition and carbon track 
resistors, from about 50,000 ohms upwards the noise 
due to resistance fluctuation under normal loading 
currents can reach many times the value of thermal 
agitation noise. The R.M,s. value of resistance 
fluctuation noise increases with increasing current, 
and, within limited ranges of current, is fairly 
accurately proportional to the loading current. For 
this reason, the term “ resistance fluctuation noise ’ 
has been found applicable; in other words, the ratio 
between loading current and noise voltage produced 
is constant. Since the resistance value is essentially 
constant, the fluctuations amounting to. something 
of the order of its millionth part, the ‘‘ noise value ” 
of a resistor can be expressed in microvolts noise 
generated per volt applied. Figs. 2, 3, 4 and 

show oscillograms of representative noise traces 
produced by different radio resistors. From these, 
certain conclusions can be made as to the nature of 
the cause of resistance fluctuation noise. On close 
inspection of the noise traces, it will be seen that 
they are composed essentially of a series of dots 
joined by almost vertical thin lines. This means that 
the voltage, and the resistance, are changing 
abruptly from one value to another, these changes 
taking place in rapid succession. This tallies well 
with one theory which seeks an explanation in con- 
tact phenomena, according to which resistance paths 
within the resistor are constantly put into and out 
of operation. Noise traces of this kind can be pro- 
duced by photographic recording of cathode-ray 


Fig. 5. 


Noise trace of carbon track resistor (Film) under load 
100k, | watt, 0.2 .V per volt 
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oscillograms, with an arrangement such as shown 
in Fig. 6, consisting of a battery for loading the 
resistor with a direct current, a series resistor which 
must be free of resistance fluctuation noise, a high- 
gain wide-band amplifier, of approximately 100 to 
120 db. gain from the lower end of the audio- 
frequency band up to 10 ke/s. or more and including 
a suitable attenuator. (As the amplifier used for the 
recording of the noise traces shown has a response 
falling off at the lower audio-frequencies, this should 
be taken into account when looking at the oscillo- 
grams). A cathode-ray oscillograph without a time 
base, and a rotary drum camera were used; (but 
a still camera can be used in connexion with a single- 
stroke time base, to obtain adequate oscillograms 
of noise traces). For these illustrations, a 50-cycle 
timing wave was simultaneously produced on the 
oscilloscope tube screen, and allowed to protrude 
with its wave crests into the recording field. The 
time marks at the bottom of each oscillogram were 
obtained in this way, the distance from crest to crest 
denoting 1/50 second. 

Most carbon composition high resistors show an 
appreciable amount of resistance fluctuation noise 
under even a small load, with an increase in the noise 
value (microvolts noise per volt load) as the resis- 
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tance increases. But a number of carbon composi- 
tion resistors have been designed recently with a 
remarkably low noise level as compared with the 
more conventional types. With carbon track resis- 
tors, especially the helical track and the cracked 
carbon types, low noise levels have been achieved for 
a long time and even with conventional designs; on 
the other hand, some carbon track resistors are very 
noisy and, in fact, the noise trace in Fig. 4 has been 
taken from a carbon track type resistor, whereas the 
one in Fig. 8 is that of a conventional miniature 
composition resistor. The illustrations are given as 
representative examples, but must not be taken as 
a basis for generalisation so far as types or actual 
noise voltage magnitudes are concerned. It must 
also be stressed that, obviously, an attenuator had to 
be used to reduce the traces to a size suitable for 
recording, therefore only the time values in the x- 
direction are directly commensurable, but not the 
noise amplitudes in the y-direction. 

In the range from 50,000 ohms up to about 2 
megohms, noise values from a fraction of one micro- 
volt per volt up to more than 20 microvolts per volt 
can be found in commercial radio resistors. For 
ordinary radio receiver circuits this noise does not 
provide a great problem as the signal strength in the 
audio-circuits is large and the resistance fluctuation 
noise component in the radio circuits is naturally 
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Fig. 7. Simple circuit containing noisy resistor, with equivalent 


circuit (at right) for purposes of analysis 


negligible. The position is quite different so far as 
high gain amplifiers of the wide band type are con- 
cerned because there a small signal can be handled 
by a high resistance carrying a D.c. current, such as 
would be the case in the first stage of a resistance 
coupled voltage amplifier. 

In order to study the conditions in an amplifier 
circuit, the resistor will first be regarded on its own 
in a circuit containing also a D.c. source and a 
resistor not producing noise due to _ resistance 
fluctuation. Such a circuit is shown in Fig. 7(a). 
R represents the noise generating resistor, Rn the 
resistance fluctuation (a small variable quantity) 
R and Ri are of the same order of magnitude, where- 
as Rn is a fraction of one-thousandth of this magni- 
tude. 


R= Ri 
in << RK 
I= a . Rn negligible 


R+R1+Rn- 
Eb 
= ———— and En = IRn 
Rip, 224 & n 
where Eb... battery voltage 
En... noise voltage 
I.... circuit current 
With these simplifications, sufficiently accurate 
analysis can be carried out, aided by the equivalent 
circuit shown in Fig. 7(b). From these considerations, 
it is evident that the noise voltage produced in the 
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resistor R appears partly across R and partly across 
R1, in ratio to their — of the total series resis- 
tance of the circuit, i.e. 


R 

Enr = En R + Ri across R 
Ri 

Enri = En - Ria Ri across Rl 


Figs. 8 and 9 show resistance coupled voltage 
amplifiers with a triode and a pentode valve respec- 
tively, together with their equivalent circuits, So 
far as the noise produced by the anode load resis- 
tance is concerned, there is no difference in the 
equivalent networks except for the actual values of 
the parameters. And it is the anode load which con- 
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Fig. 9. Pentode amplifier 


tributes the resistance fluctuation noise to the out- 
put passed on to the next valve, because the grid 
leak, the only other resistance also carrying signal, 
does not carry an appreciable load. The noise volt- 
age generated in the anode load by virtue of the 
anode current carried distributes itself over the cir- 
cuit in a manner similar to that shown in Fig. 7, if 
the fact is taken into account that R1 is replaced by 
the combination value of the plate resistance of the 
amplifying valve and the grid leak resistance of the 
following valve in parallel. (For accurate analysis 
the inter-electrode and other capacitances would also 
have to be taken into consideration.) The noise 
passed on to the next stage is represented by: 





_fin Rg | 
E’'n =E x it. 2 
Ru + Ro Re | 
Rp + Rg 
Introducin representative numerical values, 


approximately E’n = 4En for triode amplifiers and 
E’n = 3 En for pentode amplifiers is transmitted to 
the grid of the following valve. If the signal at the 
input grid is below 1 millivolt the signal to noise 
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ratio can suffer considerably unless a silent resistor 
is used as anode load resistor. It is for this reason 
that wirewound resistors are often used for high gain 
audio-frequency amplifiers handling small input volt- 
ages. But a well designed carbon resistor of the low- 
noise type can be used in most cases, and is often 
preferable because of its small dimensions, non- 
conductivity and smaller hum-pickup. 

A triode amplifier, for instance, with 100 volts 
across a 200,000 ohms anode load of 0.1 microvolts 
per volt noise value, and a stage gain of 50, would 
deliver an output of 50 millivolts from 1 millivolt 
input, with a noise level of about 0.005 millivolts due 
to resistance fluctuation noise, i.e., of the same order 
as the contribution of thermal agitation. A signal 
to noise ratio of 5,000 would not provide any com- 
plications. On the other hand, a poorly designed 
load resistor with 50 microvolts per volt noise value, 
would already give a 1 per cent contribution of noise 
in terms of total output, with an input voltage of 
1 mV. Serious problems would arise with smaller 
signals or noisier resistors. 

It can be said that, generally, resistors made of low- 
conductivity material, or of materials used in very 
thin films or distributed in granulated form are more 
prone to resistance fluctuation noise than those made 
from high-conductivity and homogeneous materials. 
Wire wound resistors do not suffer from resistance 
fluctuation noise. If they do appear noisy, this is 
usually due to faulty connexions or corrosion of 
soldered joints. 

Chemical Action, Ageing and Mechanical Effects 

Whereas the Johnson effect and resistance fluctua- 
tion are commonly present in commercial carbon 
resistors, noise from chemical action, ageing and 
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mechanical effects should not oceur to a noticeable 
extent in a well designed resistor. The first two 
causes are due to undesirable curing effects, influence 
of atmosphere moisture and temperature, and reac- 
tion of the carrier, binder and other substances with 
the conducting materials with which they are in 
contact. 

Mechanical sources of noise are generally due to 
bad contact between the resistance element and the 
termination wire or termination caps. Such faults 
sometimes show microphonic characteristics. When 
movements occur, or the resistor is mechanically 
agitated by vibration, the current carried by the 
resistor is modulated by the vibrations, and noise 
voltages are generated. In all cases of bad contact the 
noise voltage increases with increasing load current. 

Chemical and thermal £.M.F’s set up in circuits 
carrying small signals are well known, they are not 
essentially affected by load currents and _ their 
mechanism is too familiar to be discussed here. 
Conclusions 

Noise generated in resistors carrying a current is 
due to several causes, at least one of which, thermal 
agitation, cannot be eliminated. The magnitude of 
the noise fluctuations is relatively small and can be 
ignored in most L.F. circuit applications. Where high 
resistance values are involved and small signals are 
to be superimposed on steady p.c. voltages, the noise 
level must be kept low by the choice of suitably 
designed resistors. For the manufacturer, resistance 
fluctuation noise provides a design problem of con- 
siderable importance. Modern carbon track and 
carbon composition resistors are, however, so 
designed that in most. cases their noise level remains 
low for currents up to their full loading capacity. 





Interference from Incandescent Lamps 


| ¥ AMPS on the point of burn-out have long been 
known as sources of interference to radio and 
television, the cause being sparking across a small 
gap in the filament wire. But interference from a 
lamp in good working order had not been suspected. 
One of the first to track down such a source was the 
Communication Committee of the Pennsylvania Elec- 
tric Association. This group found that the Mazda 
A lamp, an old type containing a straight-wire fila- 
ment in the form of a cage supported on a glass 
post, was a notable. offender, Television service 
organisations have detected similar interference 
from modern inside-frosted bulbs. 

To study the effect at first hand, the editors of 
Electronics requested the Pennsylvania Electric 
Association to provide a lamp known to cause the 
interference. The lamp was installed in an open 
holder about 2 ft. away from a model 630Ts tele- 
vision chassis. The lamp and receiver were fed from 
the same power point. 

The interference observed in the test takes the form 
of one or more horizontal bars, covering from three 
to 50 lines of the image (corresponding to inter- 
ference pulses of 200 to 3,000 micro-seconds duration). 
The wider bars display beat-pattern striations having 
from 50 to 150 black and white segments in the width 
of the picture. The beat pattern indicates that each 
pulse of interference has a frequency in the vicinity 
of the picture carrier, and is frequency modulated 


over a range of 1 to 2 Mc/s. The possibility that the 
interference occurs at intermediate frequencies is 
ruled out by the radical change in its character as 
the receiver is tuned from one channel to another. 

With the particular lamp tested, the strongest 
interference was experienced on channel 4 (66-72 
Mc/s.), and took the form of two bars. On 
channel 2 (54-60 Mc/s.) the interference was less 
intense and appeared in three bars. 

When the lamp was removed about 20 ft. from the 
receiver and connected to a separate outlet (joining 
the receiver outlet through the fuse box over 40 ft. 
of cable), the interference disappeared on all channels 
except channel 4, and then only one bar was of suffi- 
cient strength to be visible. 

These observations indicate that the source of the 
interference is shock excitation of one or more tuned 
circuits whose natural resonances are in the 50-100 
Mc/s. band. One possible explanation is thermal 
vibration, causing the filament wire to make inter- 
mittent contact with its supports. This would cause 
the natural period of the filament wire, considered as 
a resonant system made up of its own self-inductance 
and distributed capacitance, to change synchro- 
nously with the alteration in voltage drop along the 
wire. If the duration of the intermittent contact is 
brief, the resonant circuit formed by the wire receives 
a brief pulse of excitation from the power line once 
each cycle. —‘** Electronics ’’, December, 1949. 
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HERE are two kinds of time 

base which are widely known, 
the free running time base and the 
triggered time base. In the case of 
the free running time base the fre- 
quency must be adjusted manually 
to be an exact sub-multiple of the 
wave form to be examined, and this 
involves the use of two controls, the 
frequency control and the synchrony 
control. The triggered time base 
requires no such controls, the fre- 
quency of the time base being auto- 
matically locked to the signal which 





H. T+ E volts 


s 


oe 
Diagram to show the essential parts 
of the time base circuit 


<— discharging 
device 


HT— 





Fig. |. 


is to be examined. However, it is 
not suitable for a general purpose 
oscilloscope,. because the amplitude 
of the time base is then a function 
cf the frequency of the wave form to 
be examined. There is, however, a 
less well known type of time base 
which combines the advantages of 
the triggered and the free running 
types. References to it are to be 
found in Patents literature.’ It is 
a triggered time base in which the 
amplitude of the sweep voltage is 
automatically maintained at a con- 
stant voltage, whatever the fre- 
* Physiology Dept., Birmingham University. 
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A Self-Adjusting Time Base Circuit 


By H. ASHER, B.A.* 


quency of the wave form to be 
examined may be. If this time base 
is incorporated in a general purpose 
oscilloscope, then the only control 
which is required is a range switch, 
which selects one of three wide fre- 
quency ranges, inside which the fre- 
quency of the time base will be 
rigidly locked to that of the signal, 
and at the same time the amplitude 
of the time base voltage will remain 
constant. If a circuit which counts 
down independently of frequency is 
included, then the time base may be 
locked to any convenient  sub- 
multiple of the signal frequency, and 
thus any convenient number of wave 
forms may be shown on the C.R.T. 
Description of the Time Base Circuit 
(Fig. 1) 

The time base consists essentially 
of an inductance in series with a 
capacitor. A_ discharge device, 
(usually a valve), is connected 
across the capacitor. The discharge 
device is opera- 


ted by: 

1. The — signal 
itself; or 

2. An impulse 


derived from the 
signal, and occur- 
ring at the same 
frequency as the 
signal; or 

3. By an im- 
pulse _ derived 
from the _ sig- 
nal, and _ which 1 
has a frequency INITIAL 
which is an eames 


2£ VOLTS 
--> 


Fig. 3 (above). Shows 
what the wave form 
would be like if the 
period between 
successive discharges 
of the capacitor were 
equal to half the 
natural period of 
oscillation of the LC 
circuit 


Fig. 2 (left). Shows 
the pure sine wave 
which would be 
generated if the cir- 
cuit were shock 
excited by momen- 
tary closure of S in 
Fig. | 





él 


YY 
4 


Wun 


exact sub-multiple of the frequency 
of the signal. 

S is a switch whick represents 
diagrammatically the discharge de- 
vice. Suppose that the switch S be 
closed for a very short time, and 
then reopened. The capacitor will! 
discharge quickly through S, and 
while S is closed the full u.T. of E 
volts is applied across the choke. If 
the time during which the switch is 
closed is so short that no appreciable 
current has been established in the 
inductance L before S again opens, 
then on reopening the switch S, 
oscillations of peak amplitude E 
volts will occur across C (see Fig. 2). 

Suppose now that the switch be 
closed momentarily every time that 
the top plate of the capacitor 
reaches a potential of 2E volts. At 
this moment the current in the in- 
ductance L is zero, so that the 
momentary closure of the switch re- 
establishes the conditions which 


2E VOLTS 


obtained at the first closure of the 
switch, and the wave form shown in 
Fig. 3 will be obtained at the junc- 
tion of L and C. 

The result is a non-linear time 
base of amplitude 2E volts. Suppose 
now that the second closure of the 
switch S occurs at some time before 
the voltage at the junction of L and 
C has reached the value 2E volts. 
Let the rate of change of voltage at 
the instant immediately before the 
second closure of the switch be 
dV/dt. Then at the moment of the 
second closure the current in the in- 
ductance L_ will be equal to 
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C.dV / dt, and if it is supposed that 
the time of closure of S is so short 
that there is no time for an appre- 
ciable change of current in L, then 
when S_ re-opers, a current of 
C.dV / dt flows into the capacitor. It 
follows that the rate of change of 
voltage immediately after the 
second closure of the switch is equal 
to the rate of change of voltage 
immediately before this closure of 
the switch. It follows that by the 
time the switch closes for the third 
time the voltage will have risen to a 
higher value. After the next closure 
it will rise to a still higher value, 


until finally the voltage 2E is 
reached. This process is shown in 
Fig. 4. 


It is clear that the voltage must 
finally oscillate between zero and 2E, 
because if there is no resistance in 
the choke then there can be no mean 
direct voltage across it. The parts 
of the wave form a, a, a”, are por 
tions of sine waves. If the period 
between the successive discharges of 
the capacitor is made small in com- 
parison with half the natural period 
of oscillation of the LC circuit, then 
a, a’, a”, ete., will be very small por- 
tions of sine waves, and the time 
hase will be substantially linear. 

Suppose now that the discharge de- 
vice is operated by the signal, or by a 
pulse derived from the signal, then 
whatever the frequency of the signal, 
the time base will be linear provided 
that half the natural period of oscil- 
lation of the LC circuit is very much 
longer than the reciprocal of the 
signal frequency. Fig. 5 shows a 
valve used as the discharge device. 
The valve is normally biased beyond 
cut-off. Positive pulses fed into the 
grid cause the valve to conduct. 
When this occurs the capacitor C1 
discharges through the valve. 

If no negative supnlv is available. 
bias mav be derived from the grid 
current flowing in the grid leak. (See 
Fig. 6.) If C2R is a long time con- 
stant, the positive pulses fed to the 
grid will be p.c. restored with the 
positive peaks at earth potential. In 
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Shows the circuit when a valve takes 
the part of S in Fig. ! 


Fig. 5. 


this case it will be advisable to in- 
clude a fairly high value of resis- 
tance in the screen circuit, suitably 
decoupled. The mean screen cur- 
rent will be small, because the valve 
is only conducting for a small frac- 
tion of the total time, so that the 
screen potential will remain high. 
Should the input to the grid fail, 
the screen potential will drop to a 
low value, thus preventing the valve 
overheating. 

Practical Considerations : Design 


Before calculating the values of L 
and C for a given speed of time base, 
it is necessary to find a formula 
showing how the mean current i 
through the inductance L depends 
upon the value of L, C, and the time 
base frequency required. 

Let f = 1/27VLC be the natural 
resonant frequency of the series LC 
circuit. 

CSS One Beal (1) 

Let f = 1/t, so. that # is the 
period of one complete sine wave of 
oscillation. 

Then C = t*/47°L 

Now we have seen that the dura- 
tion of the time base t must be short 
compared with t. Let it be n times 
shorter. 

Then t’ = nt 

fr =net 

from (3) and (2), 

C= t/a. 


2E VOLTS 
Fig. 4. Wave form 
when the _ period 
between = successive 


discharges is shorter 
than half the natural 
period of oscillation 


February, 1950 


The quantity n is important, as it 
determines the linearity of the time 
base. It will be shown later how n 
may be determined for a given 
degree of linearity, but let us assume 
for the moment that in has been 
made large enough for the time base 


to be substantially linear, i.e., 
values of L and C have been chosen 
which have a _ natural resonant 


period much greater than the time 
interval between successive  dis- 
charges. Therefore dV/dt = con- 
stant = V/t where V = 2E is the 
peak to peak time base voltage (see 
Fig. 7). 
The steady current in the choke, 
1=C.V./t 
Therefore C = 
From (4) and (5), 


it nt 
Vo 4m, 
ae ntV 
. av’ 


It now remains to show how n may 
be calculated in terms of the re- 





Trigger 
Pulse 


Fig. 6. Bias for the discharge valve is generated 

in the grid circuit. High resistance in the 

screen circuit prevents damage to valve should 
input to grid fail 








quired degree of linearity. Let us 
define the linearity of a time base 
as: 

A % dV jdt (minimum) 
linearily = —. —————~ X 100 
“  1V/dt (maximum) 

Fig 8 shows the time base repre- 
sented as a portion of the theoretical 
sine wave from which it is derived. 
The voltage V is plotted against ¢t. 


slope at a 
ss ht 100 


Then linearity = 
d slope at b 


suppose n = 4 
t = nt = 4t 
t= t/4 


Now t'/4 represents 90°, so that the 
time base represents a portion of a 
sine wave swinging 45° either side of 
zero. The parent sine wave is given 
by V = Vo sin +t 
The slope dV /dt = ©V.coset 
The linearity = 
dV / dt when et = 45° 
dV /dt when et = 0° 
= cos 45° /cos 0° X 100 
= 70.7 per cent. 


x 100 
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Repeating this calculation for n = 
4, 8, 16, 32, we get: 


n = 4, linearity = 71 per cent 

n = 8, linearity = 92 per cent 

n = 16, linearity = 98 per cent 

n = 82, linearity = 99.6 per cent 
For most purposes a linearity of 


92 per cent will be sufficient, so the 
following calculations are based on 
the value n = 8. From the formula 
i = n'Vt/47°L we can find how the 
mean current i through the choke 
depends on the duration of the time 
base t and the inductance L. The 
following table shows how : depends 
on t and and L. It is calculated for 
V = 200, n = 8, from the formula 
given above. 

This table shows that the time 
base is easy to design for frequencies 
of 1 ke/s. and higher, but that for 
frequencies as low as 10 c/s. diffi- 
culties due to the higher current 
requirements are met with. If a 
good ratio of forward stroke to fly- 
back is required, say if the flyback 
time must be one-ninth of the for- 
ward stroke, then the current re- 
quired to discharge the capacitor 
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. 2 
+YALF PERIOD OF 
PARENT SINE WAVE 





Fig. 8. This shows the parent sine wave as V 
plotted against wt 


The value of the capacitor is cal- 
culated very gg from : 
v= nt = 27VLC 

lower sable the 


shows 


The 
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Mean current at 100 ke/s. 
16.0 mA. 
Say peak current available = 11 x 


16= 176 mA 
Then at 10 ke/s. 
ratio = 100 to 1, 
and at 100 ke/s. 
ratio = 10 to 1. 
The linearity is 92 per cent at 10 
ke/s., and is better than this at the 
higher frequencies. The time base 
will follow frequencies higher than 
100 ke/s., but then the forward to 
back ratio will suffer. 


forward / back 


forward / back 


Modification of the Circuit for Use at 

Low Frequencies 

It is well known that if an impe- 
dance is connected in a cathode fol- 
lower circuit (see Fig. 9), then the 
A.c. impedance looking in at termi- 
nals 1 and 2 is given by Z(A + 1), 
where A is defined as the ratio of 
the voltage change at the cathode 
to the voltage change between the 
grid and the cathode. The equiva- 
lent input circuit is therefore as 
shown in Fig. 10. Since at any fre- 
quency the impedance of the equiva- 
lent choke will be given by “L(A + 























must be ten times the mean choke value of C for different values of 1 
current and L. 1), we may replace the choke by one 
whose inductance is given’ by 
f. t l i L(A + 1). Ve represents the volt- 
Ry | gS | age at the cathode in the steady 
— | -|- $$$ ___—__|—_____— state, in the absence of any D.c. 
100 Ke/s. 102 sec. | 0.32 mA. 0.032 mA 0.00032 mA 
10 Ke/s. 100. sec. | 3.2 mA 0.32 mA 0.0032 mA H+ 
| Ke/s. | m.sec. | 32 mA | 3.2 mA 0.032 mA 
100 c/s. 10 m.sec. 320 mA | 32 mA. | 0.32 mA 
10 c/s. 100 m.sec. 3.2 amps. 320 mA 3.2 mA 
There is no doubt, therefore, that These tables have all been based 
this simple time base, as it stands, on n = 8, linearity 92 per cent. If 
is not suitable for use as a slow time linearity 98 per cent, n = 16, is re- 
base. It is, however, ideally suited quired the values of current and the “4 
to time bases of the order of 100 capacitor values will be four times (ties battery 
micro-seconds. The absence of con- greater. 
trols should make it suitable for use Suppose a 100 micro-second time 
in the line scan of television re- base is required, forward to back (Qo r HT- 
celvers. ratio 10 to 1, linearity 98 per cent, = 
_On following through the deriva- then the following values will be ogee aed of iecreuins ce allnuies 
tion of the formula from which the required: L = 10H, 12.8 mA, C = value of an impedance 
table has been calculated, it will be Value of ©” in microfarads for— 
found that the fundamental reason ener nemo a 
; . : f. L=IH L=10H Lo = | L=10,000 
for the high current requirements at 100 Ke/s. ay oe o0enié 0.000016 be | ee 
low frequencies is the square root 10 Ke/s.. | 100 sec. 0.016 0.0016 0.00016 0.000016 pe 
sign in the formula f =1/27VLC. 1 Ke/s. | m. sec. 1.6 0.016 | 0.016 0.0016 0.00016 
100 c/s. | 10 m. sec. — 1.6 | 1.6 0.16 0.016 
Later it will be shown how'by means 10 c/s.. | 100m. sec. as an ae es (- Ké 
of one additional valve the circuit : 2 : zp 
: 0.0064 micro-farads. The valve connexion between 1 and 2 of Fig. 9. 


may be made to operate satisfac- 
torily at low frequencies. 


Fig. 7. Linear time base voltage 





must pass a peak current of 11 x 
12.8 = 140 mA. If a circuit is re- 
quired which will automatically 
follow a frequency from 10 ke/s. to 
100 ke/s., then the following values 
will be correct. They are calculated 
in the same way as before, for n = 
8, linearity = 92 per cent: 

L = 20 H, C=0.0008 micro-farads. 

Mean current at 10 ke/s. = 1.6 

mA 


It has already been shown that a 
limitation to the usefulness of the 
time base circuit at low frequencies 
was set by the large value of induc- 
tance required. We may use the 
equivalent inductance of a choke 
connected in a cathode follower cir- 
cuit instead of an actual choke. The 
complete time base circuit is now as 
shown in Fig. 11. V1 is the cathode 
follower. V2 is the discharge valve. 
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Fig. 10. Equivalent circuit diagram of Fig. 9 


The value of r is adjusted so that in 
the steady state the potential of the 
cathode is about one-third of the 
H.T. voltage. Then when the time 
base is operating, the cathode will 
swing from a potential which is a 
few volts above earth potential to 
a potential equal to two-thirds of 
the u.T. voltage. There is now only 
one-third of the u.T. voltage across 
the valve, and a valve must be 
chosen capable of supplying the re- 
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base may easily be constructed using 
this modified circuit. Unfortunately 
the voltage output is no longer equal 
to twice the H.T. voltage, but is now 
only two-thirds of the H.T. 


Triggered and Strobe Time Bases 


In certain applications such as 
radar, a time base of short duration 
recurring at comparatively long 
intervals may be required. This can 
also be produced by a simple modi- 
fication of the above circuit, as 
shown in Fig. 12. It will be seen 
that V1 operates on zero grid bias, 
and a resistance r is included in 
the grid circuit. The action when 
r = 0 will be: In the steady state, 
since V1 is at zero bias, the cathode 
of V1 will approach u.T. and grid 
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< triode to increase 
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quired steady choke current at this 
reduced voltage. Owing to the fact 
that the equivalent value of the 
choke is now very large, this cur- 
rent is very small. In order to 
obtain a higher value for A, a pen- 
tode may be used, but in this case 
the screen must be decoupled to 
cathode. When this is done the A.c. 
cathode load is equal ‘to the resis- 
tance of the screen and cathode 
resistances in parallel. 

The resistance R may be given the 
value infinity, i.e., it may be 
omitted from the circuit, as a D.c. 
return path is provided by the dis- 
charge valve. A value of 100 may 


be obtained for A. Taking L = 100 
Henries. Equivalent L = 10,000 
Henries, and substituting in the 


formula i = n°Vt/47°L, putting n 
= 8, V = 200, t = 1/25 seconds, we 
get: 

64 x 200x 10°... 

i= ae ae milliamps 
4x 10° x 25 
= 1.3 milliamps. 

This shows that a very slow time 








form of strobe time 


current will flow in L. After the first 
discharge of C through V2, the grid 
of V1 will be near earth potential, 
and the top of R will be a few volts 
higher. There is thus a small volt- 
age across L, and current will grow 
in L, C will charge, the grid of V1 
will rise in potential, the cathode 
will follow, being always a few volts 
higher than the grid. Thus the 
potential acruss L is maintained, and 
is always in the same direction, the 
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eathode end of L being always posi- 
tive with respect to the grid end. 
This process is maintained until the 
cathode of V1 approaches u.T. Grid 
current now flows, and maintains 
the current in L. Grid and cathode 
now remain at a voltage near H.T. + 


until the next discharge. The same 
process is repeated, except that 
the rise in voltage is now more 
rapid, due to the fact that current 
is already flowing in L. During the 
next rise, the current in the choke is 
again increased until the cathode 
nears H.T. +, when the choke current 
is again maintained by grid current. 


During the grid current period 
there is some decay of current in L, 
on the time constant L/r”’, where r” 
is the resistance of the choke and 
the resistance of the cathode to grid 
path of the valve. The steady state is 
reached when the decay of current 
during the grid current period is 
equal to the rise during the charg- 
ing period. 

The resistance r is included to 
control the decay during the grid 
current period, Values of r’ are diffi- 
cult to calculate, but it is a simple 
matter to find a suitable value for 
r experimentally. L and C are calcu- 
lated as before. The wave form 
obtained is shown in Fig. 13. 


Black Out Pulse for the Fly Back 

Owing to the rapid fly back of the 
time base, for many purposes it is 
not, necessary to black out the trace 
during the fly back. Should it he 
necessary, however, all that is re- 
quired is to feed the positive pulses 
which are applied to the grid of V2 
to the cathode of the c.R.T. 


The Counted Down Time Base 


If the time base is required for use 
in a general purpose oscilloscope, 
the circuit described above is not 
very suitable, as only one waveform 
will be displayed, and part of that 
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Fig. 12. Strobe time 
base. r’ controls the 
velocity 





will be obscured by the fly back. A 
circuit suitable for use in a general 
purpose oscilloscope is shown in Fig. 
14. The action of the circuit is as 
follows. 


Vi. Double Triode Squarer 

This is a directly coupled flip-flop 
circuit. The resistances are so de- 
signed that in the absence of a sig- 
nal, the right half of the valve is 
conducting, this maintains the 
common cathode at a potential a 
few volts higher than the potential 
(80 V) to which the grid leak of the 
left half is returned. The left half 
of the valve is thus cut off. When a 
signal is applied to the grid of the 
left half of Vi, the grid potential 
will rise, the left anode falls, this 
cuts off the right half, and the cir- 
cuit tips over into its second stable 
condition due to positive feed back 
via R6. On the negative half of the 
signal the reverse process occurs. 
Thus any waveform fed into the 
left grid of V1 will result in square 
waves at the right anode. 


This circuit will operate on almost 
any waveform. It will not operate, 
however, on short negative pips. To 
extend the scope of the circuit to 
cater for negative pips, a switch 
may be included to raise the poten- 
tial to which R1 is returned. If this 
is made more positive, then the left 
half conducts in the steady state, 
and is cut off each time a negative 
pip occurs. Thus short positive pips 
are produced at the anode of V1. 
As an alternative to this circuit a 
straightforward overloaded ampli- 
fier may be substituted. 


V2. Double Triode Counting Down 
Stage 
This a directly coupled flip-flop 
The circuit 
with 


of conventional design. 
has two stable conditions, 





either the left half or the right half 
conducting. The positive square 
waves from the right anode of V1 
are differentiated by C2R13, and the 
positive and negative pips so pro- 
duced are fed to the common 
cathode of the two diodes. The 
positive pips have no effect as they 
do not pass through the diodes, 


Suppose the left half of V2 is con- 
ducting. The grid of the left half 
of V2 is held at earth potential by 
grid current flowing in R10, D1 is 
conducting, D2 is cut off. When a 
negative pip is fed to the cathodes 
of the diodes, it passes via D1 to the 
grid of the left half of V2, and the 
circuit tips over. The next negative 
pip passes via D2 to the grid of the 
right half, and the circuit again tips 
over. This circuit therefore counts 
down by two independently of fre- 
quency. 

The square waves at the right 
anode of V2 are differentiated by 
C8R14, and fed to the grid of the 
discharge valve. The waveforms 
are shown in Fig. 14. It will be 


Fig. 14. 
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seen that two waveforms are dis- 
played on the time base. While this 
is all that is required to examine 
the whole waveform, it has been 
found in practice that people who 
are used to the conventional time 
base circuits are apt to be unsatis- 


fied by only two waveforms. It is 
purely a psychological effect, but in 
view of this, it may be found advis- 
able to include a second counting 
stage (not shown in the diagram), 
so that four waveforms are dis- 
played. 

Alternatively, other methods of 
counting down independently of fre- 
quency may be employed; for 
example, methods in which the 
counting down ratio is determined 
by the ratio of the capacitances of 
two capacitors. This has the advan- 
tage that the number of wave- 
forms can be conveniently altered 
from any value between one and ten 
or more. 


Indication of Frequency 


When using a conventional Lime 
base, the setting of the controls 
gives an approximate indication of 
frequency. In this time base there 
is only one coarse control to switch 
in values of L and C appropriate to 
the range of frequencies to be 
covered. Since this range is large, 
the operator has little idea of the 


frequency of the signal he is 
examining. 
A pv.c. milliammeter, suitably 


calibrated as a frequency meter may 
be included in the discharge circuit 
of the capacitor Cé. The current in 
this circuit is directly proportional 
to the time base frequency. 


References. 
1 Patent specifications 499, 571 ; 491, 934 ; 49, 275. 
458, 746; 471, 737. 
2 Patent Application No 15,836/47. 
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The Miller Circuit as a Low-Speed Precision Integrator 
By |. A. D. LEWIS, B.A., A.Inst.P., Grad.1.E.E.* 


HE theory of the Miller circuit 

as used for integration and the 
generation of various types of wave- 
form at high repetition rates has 
been fully described in the litera- 
ture.’ It has also been applied to 
low speed integration**® and this dis- 
cussion, in which sources of error 
are considered in some detail, may 
be of further interest. The analysis 
includes the effects of stray capa- 
citances in the circuit and is there- 
fore also applicable to high speed 
integrators. 
Typical Arrangement 


An instrument has been designed 
and constructed to integrate a vary- 
ing voltage over a period of hours 
with an accuracy of within 0.2 per 
cent over most of the range. Results 
are obtained as counts on a mechani- 
eal counter and in this particular 
instrument a constant input poten- 
tial of 10 V (the maximum value) 
corresponds to a counting rate of 
3 per sec. 

The circuit, shown schematically 


in Fig. 1, is fully described else- 
Mechanical 
Counter 
INPUT HT+ + 
V2 
R Ra 
































Skeleton diagram of a_ repetitive 
integrator using the Miller principle 


Fig. |. 
where.” In order to improve the 
linearity the effective gain of the 
Miller stage V1 is increased by the 
addition of a two valve directly 
coupled amplifier. The anode poten- 
tial of V1 falls in the normal manner, 
on applying a positive input voltage. 
When a low value is reached a flip- 
flop circuit, which is directly- 
connected to V1, resets the integra- 
tor to the initial state. A pulse is 
also passed to the mechanical 
counter which registers one cycle of 








* George Holt Physics Laboratories, University of 
Liverpool. 


integration. The total number of 
counts registered in a given period 
of time is clearly proportional to the 
time integral of the input voltage. 
(It is possible to interpolate between 
whole numbers of counts by means 
of a voltmeter connected between the 
anode of V1 and earth.) 

Such an instrument is subject to 
errors caused by (i) drifts (ii) non- 
linearity in time (assuming all the 
circuit elements to be linear) and 
(iii) the operation of resetting be- 
tween cycles of integration. These 
will shortly be considered in turn. 


Notation 


For the purpose of analysis the 
circuit shown in Fig. 2 is used. The 
effect of a time delay, Ta, say, in 
the multi-stage amplifier (such as 
might be introduced to eliminate in- 
stability) is allowed for by includ- 
ing a factor 1/(1 + pTa) in the 
gain; p is the operator d/dt. C, R 
and Ra have the usual meanings 
and R2 represents any resistive load 
which may be connected across the 
output. The resistive component of 
the output impedance of the ampli- 
fier, R’ say, is given by: 

1/R’ =1/Ra + 1/R2+1/ra 
where ra is the anode slope resis- 
tance of the valve. Cl and C2 are 
inter-electrode or other capacitances 
and R, the leakage resistance of the 
capacitor C. Grid current is repre- 
sented by the constant current 
generator I and the grid input resis- 
tance of the amplifier by Rl. The 
lower ends of I and R1 may be 
imagined to be connected to a point 
at a potential, Vgo, say, equal to the 
working value of the grid voltage 
corresponding to some _ standard 
anode potential. The D.c. gain of 
the amplifier, with C and Ry dis- 
connected, is denoted by G. 


Drifts 


We first consider single cycle, 
i.e., non-repetitive, integration and 
assume that V1 is conducting nor- 
mally. The integrator can be caused 
to remain stationary, initially, by a 
suitable choice of the zero value of 
V determined by the condition that 
the algebraic sum of the currents 
flowing towards the lower plate of 
C be zero. Since the current I will 
not necessarily remain constant it 
should be small. An ordinary valve 


operating under special conditions 
may be employed" or, alternatively, 
an electrometer type used if a very 
long period of integration is desired, 
Rx. may also change and in addition 
the leakage current through Ry will 
vary as Va changes; Ry should thus 
be large and the drift time cannot 
be made longer than the order of the 


natural leakage time of the feedback | 


capacitor C, The effect of Rx is also 
included in the analysis below. 


HT+ 






INPUT R 
O 





Fig. 2. Integrating circuit considered for 


analysis 


The ordinary drift associated with 
D.C. amplifiers will occur and can 
be reduced by the use of a balanced 
circuit;” it is equivalent to a varia- 
tion, D say, in the working value of 
the grid voltage (for some standard 
anode potential). 

If AI, ARzy are the expected 
variation in I and Ry, and K, V are 
the normal swing in anode voltage 
and the mean value of the input 
potential respectively, then the 
fractional error is of the order of: 


3 [R(AI+K/2R.+ 


VaAR,/ Rr’) + Dy] (1) 
Clearly V should be as large and R 
as small as possible; R is limited by 
the value of the output impedance 
of the source feeding the integrator 
and by consideration of the con- 
stancy of this impedance. A further 
apparent source of drift is men- 
tioned below. 


Non-Linearity 


Let V be measured with respect to 
the zero determined above. If V=0, 
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Va = Vao, say, at time t<0 we 
require the form of the output volt- 
age when a constant input V is 
applied at t= 0. It can be shown 
that the following relation holds just 
after t = 0: ‘ 
Va(t)=Vao+ Cut Cle (0) y 





pR(C 


For later values of t we have: 
] 
Va(t)=Vao— T 


[1+a:p'—bp—c-—d/p+e:/p'] . V (8) 
Here T = CR and the constants in- 
volve the circuit parameters. The 
following assumptions are made as 
to orders of magnitude: 
R1 Ri> R; R’ < R; 
C1 C2> C; Ta~CR; G>1 
In deriving (2) no quantities are 
neglected, but third order small 
terms are omitted from (3). The 
latter is legitimate except in the case 
of positive powers of p for times just 
after ¢ = 0. We write: 
b=b+b:, c=at+e, d=dit dz 
where the suffixes 1 and 2 denote 
small quantities of the first and 


second orders respectively. The 
following values obtain: 
b=Ta/G 


a=(1+Ta/T)/G 

d=1/GT +1/CRi 

a:=bi( bi — R’) 

b:=CR’/G+(R’'/R+C1/C—2c:)bi 

o=(R’'/R+C1/C)/G+(R/ Ri 
] /G ae dT)b:/T —er 

d:=(R/R:—1/G—dT)/GT —- 
2bid: / T 

e=dr 

If second order small terms are 
neglected (3) has the solution: 

Va(t)=Vao- a ip b+ (1—c)t—dt’/2] 

VAISNL c. scfaeenoeicisac a co (4) 

The output is hid a linear function 
of time and the case for a rect- 
angular shaped input is sketched (in 
exaggerated form) in Fig. 8: It 1s 
noticed that a ‘‘ drift ’’ occurs after 
the input falls back to zero due to 
the fact that since G is finite a 
change in output voltage implies a 
change in grid voltage from the 
initial value. 

We also require the solution of 
(3) in the form in which t (or rather 
its reciprocal) appears explicitly. 
Putting Vao —- Va=K and again 
neglecting second order small terms 
we have :— 


1/t=[1- -e~ BV /KT- dKT /2V] 
+V/K (5) : 


Two ways of using an integrator 
are possible. We may measure 
either (i) the change in output volt- 
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age that occurs in a given time, or 
(ii) the time taken, th, say (or its 
reciprocal), for the output to change 
by a given amount K. An instru- 
ment of the latter type, like the one 
constructed, tends to be less accu- 
rate than one of the former, owing 
to the non-linearity in time. For 
small values of V, i.e., for large t: 
the error due to the d term in- 
creases. If t: is not too large, such 
that dt’ /2<<1, equation (5) 
applies and the error in 1/t is 
simply a constant —d/2. 
Arbitrary Input 

If G and Ry were both infinite, all 
the error terms in (3) would dis- 
appear and we would then have the 
ideal result for an arbitrary input 


V(t):— 


th 
yf V(t).dt = KT 


oO 


When the errors are taken into 
account the output for an arbitrary 
input can be obtained from the 
solution for a step function input 
(4), by means of the Duhamel super- 
position theorem”. We then find :— 


h bV (ti 
o l-c l-e 


th 
Sie a ia V(t).dt.dt’ (7) 


Itiis te that no errors arise 
peculiar to any particular form 
which V(t) may take. 

Resetting 


When the integrator is reset to the 
initial state between cycles an error 
arises due to the cessation of inte- 
gration during the resetting periods. 
For the drift rate due to leakage and 
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grid current to be small C should 
have as large a value as possible, 
but an upper limit is fixed by the 
maximum resetting time allowable. 
The calibration of the instrument 
is determined to the first order by 
the quantities T and K only (6). 
The constancy of the latter depends 
on the stability of (i) V2 and its 
supplies, and (i1) the operating level 
of the flip-flop circuit; care must be 
taken to ensure that variations in 
these are negligible. In addition, 
there is a further source of variation 
in K. When, during the resetting 
periods, the anode potential of V1 
has reached the value determined by 
V2, the grid potential falls to a 
value Vx, say. This is determined 
by the input current, which depends 
on V, and the grid voltage/ grid 
current characteriste of the ampli- 
fier. If rz is the slope of the grid 
characteristic curve in the region of 
grid currents of the order of V/R, 
then Vx is subject to an approximate 
variation of Vrz/R (provided V> 
Vx). When the resetting pulse is 
over, anode current flows in V1 and 
the anode potential drops rapidly by 
a few volts in the usual manner. The 
magnitude of this drop is determined 
by the difference between Vx and the 
normal working value of the grid 
potential.* K is thus liable to a 
variation Vr;/R. 
Error Corrections 


It is possible to correct for most 
of these errors provided they are 





* In the stationary case the latter has the value 
Vgo but when an input is applied it has a variation 
R’'V/GR due to the fact that V1 has to supply the 
current through C in addition to that through Ra. 
The change in the initial drop from this cause is 
negligible ; the effect during the remainder of the 
cycle is allowed for in the previous analysis and, in 
any case, only the calibration is modified. 

















Fig. 3. Sketch illus- 
trating how the 
response to a rect- 
angular - shaped input 
waveform, of the 
circuit in Fig. 2 
departs from that of 
a perfect integrator 
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Table of Design Procedure 
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Source ‘impedance saa constancy, accuracy | Rmin | a 
required 
R _— pats = a wae hen | Rymin R, DR, expressions for c Ce and «° 
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b,, etc. ee so = a oe Cymax os <C, expressions ‘for bs and ¢ ce 1 
c | Cymax O< 
small. Let N be the observed total rate, nz the “ zero ’’ counting rate 


number of counts, in a given time, 
and N. the true value. It may then 
be assumed that, on the average, V 
has a value proportional to No 
during the resetting periods. It can 
be shown, partly with the aid of (5), 
that :— 
No = N [1—nz/n + (n—m). 

(b + T:r—Cre)] (8) 


where n is the observed counting 


and T; the duration of the resetting 
period. The counting rate m corre- 
sponds to the value of the constant 
input at which the instrument is 
calibrated (say at about two-thirds 
maximum rate); the reading is 
taken as being exactly correct at 
this point, after allowing for nz. 
The zero counting rate is simply 
additive and need not necessarily be 
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very small provided it is known; the 
error —d/2 in. 1/tl (i.e., in n) 
obtained from (5) cancels when the 
zero rate is subtracted. In accurate 
work the integrator should be 
adjusted so that a definite drift rate 
exists. It is then possible to 
measure any change between the 
beginning and the end of an experi- 
ment ; a change in the negative 
direction could not be measured if 
the drift rate were initially made 
zero. 

The performance of the instru- 
ment can be assessed by reference 
to equations (1), (7) and (8). 


Design Procedure 


A guide to the order in which the 
various parameters should be deter- 
mined is given in the table. Quan- 
tities assumed to be given are (i) 
the magnitude of V, (ii) the source 
impedance, and (iii) the overall 
accuracy required. The maximum 
counting rate, 1/timin, is determined 
by the mechanical counter to be 
used. 
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Electron-Optical Shadow Method 


S the result of a series of elec- 

tron-microscope experiments at 
the National Bureau of Standards 
(U.S.A.), Dr. L. L. Marton, of the 
Bureau’s electron physics labora- 
tory has developed an_ electron- 
optical shadow technique* that pro- 
vides a valuable tool for the quanti- 
tative study of electrostatic and 
magnetic fields of extremely small 
dimensions. The new method makes 
use of an electron lens system to 





* For further technical details, see ‘‘ Electron 
Optical Observation of Magnetic Fields,” by 
L. Marton and 8S. H. Lachenbruch, J. Research, 
NBS 43 (Oct. 1949), RP2033. See also “Electron 
Optical Mapping of Electro-magnetic Fields,” by 
L. Marton and 8. H. Lachenbruch, published in 
J. Applied Phys. 20 (Nov. 1949). 


produce a shadow image of a fine 
wire mesh placed in the path of the 
electron beam. From the distortion 
in the shadow network caused by 
deflexion of the electrons as they 
pass through the field under study, 
accurate values of field strength are 
computed. Thus it is possible to 
investigate quantitatively fields 
that have not been susceptible to 
other methods of investigation, for 
example, the fringe fields from the 
small domains of spontaneous 
magnetisation in ferromagnetic 
materials. 

The new development, which is 
based on extensive theoretical 
analysis, should provide a powerful 


means for broadening present know- 
ledge concerning space-charge fields, 
fields produced by contact poten- 
tials, patch fields in thermionic emis- 
sion, charge distribution in a gaseous 
plasma, waveguide problems and 
the basic magnetic properties of 
metals. Though similar in some 
respects to the _ electron-optical 
Schlieren method{ previously de- 
veloped at the Bureau, the shadow 
method is much better aie: to 





+ In the Schlieren method, a magnetic lens forms 
an image of a source of electrons on a small copper 
stop that intercepts all direct rays. If in the space 
between the electron source and the lens there is a 
variation of the index of refraction for electrons— 
in other words, a variation in electric or magnetic 
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precise determinations of field in- 
tensity. 


Principle 
The principle of the shadow 
method was discovered in the 


course of a study of a recording wire 
magnetised in evenly spaced short 
pulses by means of a conventional 
magnetic recording head. In prac- 
tice, the recording wire—or other 
object to be studied— is placed be- 
tween an electron source and a 
system of electron lenses. The lens 
system focuses the electron beam to 
form an image of the wire on a 
fluorescent screen. By placing a 
wire mesh of known gauge just be- 
yond the back focus of the lens 
system, a shadow image of the mesh 
is superposed on the image of the 
wire. This shadow image is formed 
by projection from the _ virtual 


source provided by the reduced 
image of the source of electrons. 
The portions of the shadow network 





adjacent on the screen to magnetised 
regions of the recording wire are 
then found to show considerable dis- 
tortion. 

A complete theoretical analysis of 
this effect has shown that the dis- 
tortion of the shadow image is due 
to the deflexion of the electron beam 
by the field of the recording wire at 
each magnetised region. The result 
is a corresponding displacement of 
the reduced image of the electron 
source. This displaced image, act- 
ing as a virtual source, forms a 
shadow image, likewise displaced, of 
the network. Defiexion of the beam 
may also change the distance of the 
virtual source from the wire, in 
which case the magnification of 
the displaced image is affected. 





field intensity—an image of that inhomogeneity will 
then be produced by means of the same lens in a 


conjugate plane beyond the stop. Thus a dark-field. 


image of the magnetic or electric field is obtained on 
a fluorescent screen or on a photographic plane. 
See Electronic Engineering, 20, 380 (1948). 
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Obviously, the displacement and 
change in size of the shadow image 
at any point depend on the strength 
of the field of the magnetised wire 
at a corresponding point. 
Formulae have been derived by 
S. H. Lachenbruch, of the Bureau 
staff, that permit the calculation of 
consistent absolute values of field 
strength in magnetic or electric 
fields of various geometrics from 
experimental measurements of the 
position of the wire mesh, the dis- 
placement and magnification of its 
shadow image, and the known con- 
stants of the apparatus. The pat- 
terns obtained also provide a quali- 
tative visual representation of 
minute electrostatic magnetic fields. 
Although it is possible to compute 
field intensity from the intensity dis- 
tribution of the pattern obtained by 
the Schlieren method, the shadow 
method is of far greater utility for 
quantitative work, since the image 
displacement and magnification can 


Principle of the 
electron - optical 
shadow method. The 
source of _ electro- 
static or  electro- 
magnetic field is 
shown at the left of 
the lower diagram 





be measured much more accurately 
than can the intensity distribution 
across the Schlieren pattern on a 
photographic plate. 


Applications 


Perhaps the greatest value of the 
electron-optical shadow method lies 
in its utility for exploring complex 
electric and magnetic fields of ex- 
tremely small dimensions, or in 
which a probe of size greater than 
the electron would disturb the field 
under study. In the past, calcula- 
tions of the field intensity at a point 
have been limited to those special 
cases in which the geometry of the 
field exhibits a high degree of sym- 
metry. The shadow technique now 
provides data for accurate calcula- 
tion of the absolute value of the 
intensity in the neighbourhood of a 
specimen of any size or shape with- 
out altering or disturbing the field. 

The method is thus well adapted 
to investigation of the fundamental 
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nature of ferromagnetism. Experi- 
ments now under way at the Bureau 
inciude a study of the behaviour of 
the fringe fields of the ferro- 
magnetic domains; in this work a 
single crystal of cobalt having very 
large magnetic domains is_ being 
used. An extension to ferroelectric 
materials is also contemplated for 
the purpose of checking the domain 
theory of these substances; of parti- 
cular interest will be a study of the 
polarisation of barium titanate and 
other high-dielectric materials, that 
are now being widely used in the 
production of small-sized vapacitors 
for radio, radar and television. 

In another application of the 
shadow method at the Bureau, 
space-charge fields in several types 
of apparatus employing electron 
beams are being investigated. In this 
connexion, use of the method with a 
pulsed electron source for the stro- 
boscopic study of fields that vary 
with time is under study. 

It has been suggested that the 
electron-optical shadow method 
may also be of value for the calcuta- 
tion of field intensities within a 
waveguide. Use of waveguides as 
conductors and circuit elements in 
ultra-high-frequency radar and 
communication often leads to 
arrangements whose geometry is too 
complicated for expression in any 
system of mathematical co-ordi- 
nates. Thus the electronics en- 
gineer, having in many cases only 
an intuitive picture of the field dis- 
tribution at junctions and elbows 
of the guide, must rely on empiri- 
cal methods in designing wave- 
guide techniques and _ equipment. 
By the use of suitable auxiliary 
techniques, it is hoped that the 
shadow method may be adapted to 
the calculation of field intensities in 
regions of a guide that are not at 
present susceptible to analytical 
treatment. 

The Bureau is also applying the 
principle of the shadow technique to 
the study of spherical aberration in 
electron lenses. When a fine wire 
mesh is placed in the focal region 
of a lens having spherical aberra- 
tion, the shadow image of the net- 
work is enlarged either centrally or 
at the periphery, depending on the 
position of the mesh and the nature 
of the lens error. The resultant 
pattern may thus be interpreted to 
give information of value in correct- 
ing the lens. 

—From the National Bureau of 
Standards Technical News Bulletin, 
33, 9 (September 1949). 
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Measuring Steady 
Bioelectric Potential 


Differences 


By W. T. CATTON, M.Sc. * 


SIMPLE “chopper” circuit 

and potentiometer can be used 
as an accessory to a biological ampli- 
fier for the measurement of steady 
bioelectric potential differences. 
The principle of the method is as 
follows. The input to the amplifier 
(a D.c. potential of small amplitude) 
is interrupted periodically at low fre- 
quency (about 25 times per second) 
by means of a mechanical switch 
introduced into the circuit. The out- 
put of the amplifier (rectangular 
pulses whose height depends upon 
the amplitude of the input potential 
difference) is presented on a cathode- 
ray oscilloscope, or alternatively a 
rectifying and smoothing circuit is 
added to the amplifier so that a 
steady p.c. potential is developed 
across a normal moving coil meter 
(Fig. 2). There is further intro- 
duced in series with the input cir- 
cuit, a simple graduated potentio- 
meter, able to provide a range of D.c. 
potentials from 0 to 1,700 mV. The 
potentiometer is connected in oppo- 
site polarity to the source (Fig. 1). 
In order to take a reading, the 
potentiometer is adjusted until the 
pulses disappear from the cathode- 
ray tube time-base, or until a zero 
or minimum reading is shown on the 


output meter; the potentiometer 
dials then give the value of the p.c. 
potential difference across the 
source. 

A ‘“‘ backing-off’’ method was 
chosen in preference to that of 


making direct readings on the out- 
put meter or C.R.O., for the follow- 
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R!O,OOOR wire wound 
potentiometer. 
R2 tO0O0n wire wound 
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ing reasons. It was found experi- 
mentally that the amplitude of the 
output pulses was proportional to a 
given input D.c. E.M.F. over only a 
limited range of inputs, since over- 
loading of the later stages of the 
amplifier occurred at the higher in- 
put levels. In any case the output 
level was open to variations due to 
(a) alterations of amplifier gain 
from any cause, such as fluctuations 
of mains voltage, and (b) the vari- 
able amount of interference present 
at the input terminals, such inter- 
ference reading as “‘ noise’ cn the 
C.R.T. or as a constant reading on 
the meter in the absence of pulses. 
By using a ‘ backing-off ’’ method 
the following advantages are gained. 
(a) No current is drawn from the 
source, so that non-polarisable elec- 
trodes are not essential. (b) The 
system is largely independent of 
amplifier gain, spurious interference 
and variations in switching frequency 
or pulse duration within certain 
limits to be discussed later. (c) The 
ultimate accuracy of the readings de- 
pends upon the potentiometer, which 
may be made as accurate as is de- 
sired, or as is justified by the nature 
of the experimental application. 








Input circuit, switch and potentiometer 


The mechanical switch employed 


is an Air Ministry surplus Type 156, 4 


Ref. 10FB/916, originally forming 
part of a radar equipment. The 
contacts are cam-operated, the cam 
having three “lifts”? per revolu- 
tion, and being driven by a 24V 
motor. In the present application, 
one contact only is used (of four 
available) and the motor is supplied 
with 16 V p.c. from a rectifier, so 
that it runs at less than maximum 
speed. The actual speed of rotation 
is approximately 8 revolutions per 
second, giving a frequency of inter- 
ruption of 24 per second. The shape 
of the cam and spacing of the con- 
tacts are such that the switch is open 
or closed for about equal periods of 
time, in this case about 20 milli- 
seconds. It was found by experi- 
ment that small variations in motor 
speed did not affect the readings 
obtained, and in any case the motor 

maintains such a constant speed that 
the time-base of the c.R.o. remains 
in synchronisation for long periods 
with only a_ small amount of 
** Sync’ control. It is a desirable 
feature of the system that both the 
pulse duration and the inter-pulse 
time should be considerably less than 
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the time constant of the r.c. coup- 
ling circuits of the amplifier, so as to 
avoid rounding-off the pulses, In the 
amplifier employed, the coupling cir- 
cuit time-constant is 100  milli- 
seconds, the pulse duration 20 milli- 
seconds, and the pulses show only a 
slightly sloping ‘‘ top,” with no 
rounding-off, as viewed without the 
loading of the rectifier and meter cir- 
cuit applied to the output. With 
this latter circuit applied, some 
rounding of the pulses does inevit- 
ably occur, but since zero readings 
are being employed this is not impor- 
tant. In the practical arrangement, 
the meter and rectifier circuit are 
permanently mounted on the mains- 
driven section of the amplifier, and a 
switch (S4) is fitted, so that this cir- 
cuit may be cut out when the ampli- 
fier is being used to study action 
potentials of nerve or muscle. There 
is no difficulty in using the meter 
separately from the amplifier in any 
convenient position. 

A brief description of the amplifier 
employed follows. It is in two sec- 
tions, the first section supplied by 
batteries only, the second entirely 
mains-driven. All stages employ 
two valves in push-pull. In the bat- 
tery section the first stage makes 
use of two EF36 valves, with a com- 
mon undecoupled cathode resistor, 
to increase discrimination against 
symmetrical interference potentials 
appearing at the input. The input 
impedance is 1 megohm grid to grid. 
In the second stage two EF50 valves 
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are used, followed by a 6SN7 double- 
triode connected as a double cathode 
follower. The r.c. coupling in this 
section, as in the mains section, con- 
sists of 0.1 microfarad capacitors 
and 1 megohm grid leaks. The 
mains section, fed by screened cable 
from the battery section, employs 
two 637 pentodes in the first stage 
and two 807 valves in the output 
stage, with an H.T, line voltage of 
450 volts. The overall gain has not 
been measured, but for the applica- 
tion described in this article, read- 
ings down to 1 mV are obtained with 
the gain control set only about 20 or 
30 degrees from zero. 

It will be noticed from the circuit 
diagram that the only earth point in 
the input circuit is the slider of the 
1 megohm potentiometer, connected 
across the input terminals of the 
amplifier. It is therefore essential 
that all other components in the cir- 
cuit, including the switch contacts, 
the potentiometer and the tissue 
under experiment should be insu- 
lated from earth. In addition, 
adequate screening is necessary, to 
reduce the level of picked-up inter- 
ference to the lowest possible value. 
In the present arrangement the 
potentiometer is enclosed in a steel 
box connected to earth, the switch 
motor housing is earthed, the tissue 
or concentration cell used as a 
source of E.M.F. is mounted on 
rubber blocks, and all leads are 
screened. The presence of inter- 
ference results in a ‘‘ flat ’? minimum 
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Fig. 2. Output circuit, 
rectifier and meter 
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reading on the output meter and 
hence causes inaccuracy in reading. 
Readings from artificial sources have 
been made down to 1 millivolt, but 
below this level the amplitude of the 
interference prevents sharp minima 
from being obtained. Enclosure of 
the input circuit components, to- 
gether with the battery amplifier, 
inside a screening cage would 
evidently reduce such external inter- 
ference, and enable readings to be 
obtained at lower input levels. 


The design of the potentiometer 
is based on similar devices used in 
ordinary pH meters, and _ little 
description is therefore necessary, 
E.M.F.s in steps of 100 millivolts up 
to 600 millivolts, and in two further 
steps of 500 millivolts up to a total 
of 1,600 millivolts, are available 
across the tapped switch $1. Wire- 
wound potentiometers Ri and R2 
give ranges of 0-100 mV and 0-10 mV 
respectively. All resistors are chosen 
within close tolerances to rated 
values. Switch S2 is provided so that 
either S1 with R1 or R1 with R2 are 
brought into circuit, according to 
the range to be read. A _ ballast 
rheostat R38, together with fixed re- 
sistance R4 are included in the bat- 
tery circuit, in order to adjust the 
E.M.F. across the potentiometer chain 
to the required value. R: is a panel 
control, used in conjunction with a 
standard cell in the external circuit, 
to provide calibration. A reversing 
switch S3 is provided so that the 
polarity of the battery may be re- 
versed, as a check on the polarity of 
the source. A press-button B brings 
the battery into circuit only while 
taking readings. An additional fixed 
resistor R5 of 4 megohm is included 
in the return lead to the amplifier, 
to raise yet further the impedance 
of the input circuit applied across 
the amplifier. Thus in series with 
the source there is a total impedance 
of not less than 13 megohms. Owing 
to the method of connexion, the 0- 
100 mV _ potentiometer must be 
double-secaled, since it reads in re- 
verse when S2 is set to read 1,700 
mV. The whole arrangement pro- 
vides for the reading of E.M.F.s be- 
tween 0 and 1,700 mV to the nearest 
mV, and from 0 to 110 mV to 4 mV 
or less, according to the degree of 
interference present. Bioelectric 
potentials seldom* exceed 100 mV, 
but the higher range is included so 
that standardisation against a 
Weston cell may be carried out, or 
for work on “‘ model membranes ”” 
and concentration cells. 
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Cable Eccentricity Gauge Type 


This equipment serves for the non- 
destructive determination and control 
of the eccentricity of conductors relative 
to the surrounding dielectric in extruded 
cables and wires. It has been designed for 
continuous process control in the manu- 
facture of conductors insulated with rubber 
or synthetic materials, as well as for labora- 
tory and acceptance tests on the final 
product. 

Type 155 equipment consists of three 
units: a gauge head, comprising a coil 
system housed in a split cast iron case, 
through which the cable under test passes ; 
an oscillator unit, supplying a substantially 
constant current to the cable under test, 
and a control unit incorporating a detector 
amplifier which gives a direct reading of 
the eccentricity measured, and has facilities 
for the automatic control of the extruding 
machine and/or the operation of warning 
signals should the eccentricity exceed a 
specified tolerance. The equipment is 
A.C. mains operated. 

One oscillator and control unit may allow 
the supervision of a number of extruders 
simultaneously, provided each channel is 
furnished with its own gauge head. A 
manually or motor-operated switch unit is 
employed in this case to transfer the 
oscillator output and amplifier input ter- 
minals, as well as any control lines, cyclicly 
from one measuring position to the next. 

Addison Electric Co., Ltd., 
163, Holland Park Avenue, 
Kensington, London, W.11. 
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Permanent Magnet Focusing Units 
(Illustrated below) 


HE ‘‘ Elac ’’’ Permanent Magnet Focusing 

Units have now been released for supply 
to the retail as well as the wholesale trade. 

Owing to variations in the construction of 
cathode ray tubes, three models, having the 
same basic design but with different field 
strengths, are available. Type RI7 has a 
low flux and is suitable for tetrode tubes. 
Type R20 will focus triode tubes operating 
on medium E.H.T. voltages, whilst Type R25 
has a high field strength, and is suitable for 
tubes operating up to 15,000 volts and also 
some makes of triode tubes which are 
difficult to focus at lower vo'tages. 

The unit itself is fixed rigidly to the 
receiver chassis, and all adjustments are 
made by three knurled headed screws which 
are readily accessible. Due to the small gap 
used in the ‘* Elac’”’ units, claim the manu- 
facturers, a thin ‘‘ lens ’’ is produced which 
provides a more even focus over the whole 
of the tube face and also gives a smaller 
““spot’’ and therefore better definition. 
Electro Acoustic Industries, Ltd., 

Stamford Works, 
Broad Lane, 
Tottenham, London, N.15. 





Megatron Type C/l Cosine-Corrected 
Light Meter 
(Illustrated left) 


HOTOMETERS with barrier-layer photo 

cells give correct readings up to angles 
of incidence not exceeding 60°-65°. For 
greater angles, although the amount of 
light reaching the photo cell remains pro- 
portional to the cosine of this angle, the 
current generated falls rapidly below the 
theoretical value. With an uncorrected 
light meter the error over an angle of inci- 
dence from 50° to 85° varies up to 40 per 
cent. With the Megatron Type C/I cosine- 
corrected Light Meter, however, the error 
is confined to angles of incidence 65°, and is 
only 12 per cent at its greatest. 

This instrument has three ranges, a switch 
on the case selecting the range required. 
A separate switch marked ‘‘ on-off ’’ short 
circuits the moving-coil instrument in the 
‘‘ off’ position, thus ensuring safety in 
transport. The Megatron type ‘‘B’’ photo 
cell is contained in an airtight mount covered 
by a perspex dome, and is connected to the 
meter by a 6 foot cable. Both the instru- 
ment and the photo cell are housed in a 
brown leather case. 

Megatron, Ltd. 
1 15a, Fonthill Road, 
London. N.4. 
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Mullard Valve Volt-Ohm Meter 
(Type E7555) 


(Illustrated below) 


b pee instrument, which has recently been 
introduced by the Electronic Equipment 
Division of Mullard Electronic Products, 
Ltd., has been specially designed to measure 
a wide range of A.C. and D.C. voltages and 
resistances. The input resistance and 
accuracy are extremely high, and a particu- 
larly important feature is the stable zero 
setting, which does not alter from range to 
range. 
Voltage 

D.C.—Pos. or Neg. 0-100V on four ranges 


A.C.—Up to I0kc/s 0-1 OkV on four ranges 
A.C.—Up to 30Mc/s 0-100V on four ranges 


Resistance 
Ohms 0-2M on six ranges 
Frequency 
Lower Limit <- amnels 
Upper Limit (Input to panel up to 
100V) .--  100ke/s 
Upper Limit (Input to panel 
300V and IkV) . as 10ke/s 
Upper Limit (Input to probe ed 
to 100V) ..  30ke/s 


Mullard Electronic Products, Ltd., 
Century House, 
Shaftesbury Avenue, 


London, W.C.2. © 
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apparatus, components and 
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Radiation Monitor 
(Illustrated below) 


HE instrument is a self-contained and 

portable ionisation chamber type 
radiation monitor, suitable for the measure- 
ments of Gamma-dosage, and for the quali- 
tative detection of Beta-radiation. 

For Beta-detection a thin window in the 
chamber end wall is exposed by rotating an 
external metal flap. All batteries are built- 
in, the filament cell being directly accessible 
from the top of the instrument, the re- 
mainder being located in the pistol grip. 

Indication of dosage is made by a directly- 
calibrated meter, and a centre position of 
the on/off switch enables the filament cell 
to be tested, using the same meter. Pro- 
vision is made for range calibration against 
an external source. 

The range is 0-0.125 and 0-1.25 Rontgen 
per hour for Gamma radiation. The circuit 
comprises an E.1959 electrometer tube, 
with a backed-off meter which reads the 
change of anode current. The backing-off 
circuit contains the zero-setting potentio- 
meter, whilst a variable meter shunt pro- 
vides a calibration control. 

The instrument weighs only 4 Ib. and is 
run on one 9V and two 224V miniature 
which last several months in 
normal usage. 


E. K. Cole, Ltd, 
Electronics Division, Ekco Works, 
Malmesbury, Wilts. 


Electronic Engineering 


Photo Electronic Relay 
(Illustrated below) 


HE model 7! Photo Electronic Relay is 

fundamentally an ultra-sensitive current 
detector which, through the medium of a 
photocell and amplifier, operates a heavy 
duty relay in the output circuit. An 
important feature is that, unlike the 
conventional sensitive moving coil relay it 
is possible, by means of a single control, to 
set the operating point at any value between 
zero and 200 microamps. The sensitivity 
remains constant over the entire range and 
corresponds to 2 microamps or | per cent 
of the maximum input current, whichever is 
the greater. By means of appropriate 
shunts, the input current can be extended 
up to 2 amps. 

The output circuit is completed or broken 
by change-over contacts handling 250 
volts at 3 amps. A.C. 

Electronic Instruments, Ltd., 
Paradise Road, 
Richmond, Surrey. 





** Tom Thumb ” Capacitors 


HE ‘‘ Tom Thumb ”’ type of tubular dry 
electrolytic capacitor is now available in 
a range with greatly reduced dimensions, 
from I? in. to 2% in. length, 2 in. to | in. in 
width. They have the added attraction of a 
coloured plastic covering to provide neat 


and clean appearance. The printing is 
permanent and cannot be erased by normal 
handling. 

‘* Tom Thumbs ”’ are suitable for smooth- 
ing applications, particularly where space is 
limited, and are available in six capacitances, 
as listed below : 


ist Cap Max. Wkg. 
No. uF Volts 
J650/NT 16 350 
J651/NT 32 350 
J652/NT 4 450 
J653/NT 8 450 
J654/NT 16 450 
J655/NT 32 450 


A. H. Hunt, Ltd., 
Wandsworth, London, $.W.18. 
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High Voltage Capacitor 
(Illustrated above) 


"THE Erie Type 410 high voltage Hi-K 
Double Cup Ceramicon is a capacitor 
designed with particular attention to the 
requirements of an R.F. oscillator or line 
time-base fly-back type of E.H.T. supply 
for the modern television receiver. The 
active centre web of the ceramicon is of 
adequate thickness for high voltage applica- 
tion, and the whole is encased in a low loss 
moulding, ribbed to ensure a long surface 
leakage path so desirable when the forma- 
tion of dust or moisture film is probable. 

Contact with each silver plate is made by 
a metal pressing and a 4 B.A. tapped pillar, 
which forms a convenient means of mounting 
and connexion. Full corona protection is 
afforded by the arrangement of silvering and 
the nature of the moulding. 

The maximum working voltage is 15 kV 
at 85° C. (tested at 22.5 kV D.C.), and the 
capacitance is 500 pF. Body measurements 
are 14 in. diameter by 4/5 in. (approx.) 
height, exclusive of mounting pillars. 

Erie Resistors, Ltd., 
Carlisle Road, 
The Hyde, Hendon, N.W.9. 
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Macdonl? 


ELECTRICAL 
MEASUREMENTS 


AND THE CALCULATION 
OF THE ERRORS INVOLVED 


This book, intended for engineers, 
laboratory technicians, research 
workers, and students, deals with 
D.C. measurements, discussing the 
various errors latent and the tech- 
nique necessary to secure the best 
results. Covers the Syllabus of the 
B.Sc. Part Il Examination. 


106 diagrams 18/- net 


MACDONALD & CO. 
(Publishers) Ltd., 
43 Ludgate Hill, E.C.4. 
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Historic Researches 


Chapters in the History of Physical and 
Chemical Discovery. By T. W. Chalmers. 
288 pp., with 85 illustrations. Morgan 
Brothers (Publishers), Ltd., London, 
1949. Price 21s. net. 


ETWEEN 1944 and 1948 a series 

of articles by Dr. Chalmers ap- 
peared in The Engineer dealing with 
some selected chapters of engineer- 
ing, physics and chemistry from a 
historical point of view. It was a 
happy idea to collect these articles 
in a well printed and neatly bound 
volume and thus make them 
accessible to a wider public. The 
result is a delightful book which 
should appeal not only to the scien- 
tist and engineer but also to the 
general reader interested in scienti- 
fic subjects. 

The author rightly states that 
‘‘the historical approach towards 
any branch of scientific study pos- 
sesses not only intrinsic interest; as 
a practical educative method it 
undoubtedly has distinctive merits. 
It provides the easiest path towards 
the ready understanding of modern 
knowledge and opinion.” And also 
that ‘‘ physics of to-day is the engi- 
neering of to-morrow.” 

What makes the book specially 
valuable is the critical treatment of 
the experimental and_ theoretical 
results of the various investigators. 
Distinction is made _ throughout 
between the three stages of research 
—basic research, its interpretation 
and its practical application. 

It is not possible to give, in a brief 
review, an indication of the vast 
amount of information contained in 
this book. Gaps in our knowledge 
are indicated throughout, but especi- 
ally in the chapters on friction (I) 
and on specific heat (V). In chapter 
II, dealing with the mechanical 
equivalent of heat, the story of the 
replacement of the ‘“ caloric ”’ 
theory by the dynamic _ theory 
makes fascinating reading. The 
student looking up in his handbook 
the figure for the heat equivalent 
has no idea what amount of experi- 
mental work had to be performed 
to arrive at that figure. The author 
rightly stresses ‘*‘ the importance 
which frequently attaches to ihe 
study of residuals,”’ i.e., to the ex- 
planation of some minor deviations 
of a commonly accepted law. 

In the chapter on electrodynamics 
(III) only early work is dealt with, 
and the story is told till Faraday’s 
experiments of 1832 only, while in 
the fourth chapter dealing with 
ether drift quite recent experimen- 
tal work is described, but no 


attempt is made to give the reader 
a guidance on “‘ the long and ardu- 
ous path leading to an understand- 
ing of the generalised theory of rela- 
tivity.”’ 


Of course, this would fall 
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BOOK 


outside the scope of a book, the 
** object of which is to present a 
history of the subject and not to 
be a formal text book.’ The in 
creasing complexity of theory is 
also stated in the chapter on specific 
heat (V), and the wisdom of Black 
who did not try to explain his experi- 
mental results but left this task to 
future physicists is mentioned. On 
the other hand Lavoisier, whose 
work is described in the chapter on 
elements and atoms (VI), was less 
an experimenter than an interpreter 
and thus became the founder of 
modern chemical doctrines. This 
chapter tells the story of the atom 
from the ancient Greeks up_ to 
Dalton and Avogadro. The later 


developments leading to  Bohr- 
Rutherford’s atom models’ and 
modern conceptions concerning 


valency are not dealt with. 

The chapter on the classification 
of elements (VII) starts from 
Prout’s hypothesis and its abandon- 
ment and deals mainly with Mende- 
leeff’s and Lothar Meyer’s, their 
precessors’ and successors’ work on 
the periodic system, the predictions 
and fulfilments based on it, and it 
points to the many open questions 
still to be answered. ‘‘ Not Nature’s 
but Dalton’s atoms have been 
split,’ and ‘‘ The real atoms are the 
electrons, protons, neutrons and so 
forth.’ 

In the chapter on molecular phy- 
sics (VIII) the principles of the 
kinetic gas theory are explained, 
starting from Robert Hooke’s notion 
that gaseous pressure is produced 
by the impact of moving atoms on 
the wall of the container. Bernoulli’s 
mathematical investigation of this 
phenomenon is given in brief and so 
are Joule’s and Clausius’ investiga- 
tions on specific heat and Maxwell’s 
distribution law of velocities, Parti- 
cularly welcome is the description 
of modern experimental methods 
for determ‘ning the velocity distri- 
bution. Finally, the mean free 
path, the “‘ radius of action,” diffu- 
sion and viscosity of gases are des- 
cribed, 

The chapter on the conduction . 
electricity through liquids (IX) i 
perhaps not quite as perspicuous as 
the rest. It tells the story from 
Grothuss’ chain hypothesis, Fara- 
day’s two laws of electrolysis, the 
work of Ohm, Kohlrausch, Clausius, 
Maxwell to the more recent investi- 
gations of Arrhenius and to J. J. 
Thomson’s discovery of the electron. 
The tenth chapter deals with elec- 
tric conduction through gases, and 
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REVIEWS 


is therefore of special interest to 
the electronic engineer. Davy’s and 

Faraday’s experiments are des- 

cribed and the work of. Pliicker, 

Hittorf and Crookes is critically sur- 

veyed. The discovery of Gold- 

stein’s ‘‘canal rays’’ and of. Lenard’s 
rays led to Perrin’s experiment and 
its modification by J, J. Thomson, 
which proved that the rays were 
corpuscular and not undulatory. 

Thomson’s, Wilson’s and Millikan’s 

work for measuring the ratio of 
charge and mass and their ab- 
solute values are described, and 

Stokes’ formula regarding the fall 

of droplets through a viscous 
medium is simply derived in one of 
the mathematical appendices. 

A comparably short chapter (XI) 
deals with X-rays, their discovery 
by Réntgen, the introduction of the 
hot cathode by Coolidge, the deci- 
sion in favour of the undulatory 
nature of the rays by Laue’s inter- 
ference tests using crystals as a 3- 
dimensional diffraction grating, their 
elucidation by the Braggs, the ex- 
planation of ionisation through 
X-rays and Moseley’s observation 
of the stepwise shift of the X-ray 
spectre of different elements. 

The last chapter (XII) dealing 
with positive rays and isotopes and 
the explanation of the mass spectro- 
graph and its theory is especially 
excellent. The work of ien, 
J. J. Thomson, Aston and Dempster 
is described. It is stated that by 
the use of the mass spectrograph 
transient stages in chemical reac- 
tions not observable by other means 
may be investigated, and the dis- 
covery of the isotopes, especially 
neon, hydrogen and oxygen, has 
led to a revival and modifica- 
tion of Prout’s hypothesis, Heavy 
water and its preparation § are 
dealt with and the chapter closes 
with the discovery of the neutron. 

It may be hoped that the author 
will be able to present his planned 
companion volume on nuclear phy- 
sics in the not too. distant future. 

The present volume _ concludes 
with some brief biographical notes 
on 84 of the scientists mentioned in 
the book, with 8 concise mathemati- 
cal notes and a combined name and 
subject index. 

A few desiderata may be men- 
tioned for a second edition of this 
volume. Besides the correction of 
a surprisingly small number of mis- 
prints (page 14 line 13, Fig. 5 not 
Fig. 4—page 213, line 6, insert 
“inverse of the ”’ before ‘‘viscosity”’ 
—page 279, line 21, y = Ae/mv’ 


Electronic Engineering 


instead of Aemv’) the reviewer 
would suggest that a few more 
mathematical notes as excellent as 
those already presented would be 
desirable for explaining the expres- 
sions for the law of probability 
(page 151), the ratio of sound velo- 
city and R.M.s, value of molecular 
velocity (page 154), the radius of the 
circle of reflexion of the beam in a 
magnetic field (page 208) and the 
viscosity of a gas (page 161). This 
last-named explanation would be 
specially desirable with regard to 
giving the dimension of viscosity 
used afterwards in mathematical 
note 7 and not easily found in usual 
handbooks. 

More detailed study would be 
materially facilitated if a list of 
references to literature could be 
added. It appears dubious whether 
actually Geissler should be credited 
with the invention of the mercury 
vapour pump. 

But these are minor blemishes 
which in no way impair the value of 
a book equally remarkable for the 
scholarly treatment of its subject, 
for the vast amount of work of com- 
pilation, for the critical attitude, 
and for the lucid and very readable 
style. 

kK. NewvMann 


Practical E'ectrician’s Pocket 
Book, 1950 


Published September 1949, Electrical & 
Radio Trading, 6 Catherine Street, 
Strand, London, W.C.2. 5s. net. 

ATEST applicaiions of electric- 

ity for increasing the output of 
factory and farm are explained, in 
practical detail, in the 195¢ edition 
of the 52-year-old Practical Electri- 
cian’s Pocket Book. 

As regards factory, extensive 
chapters on motors, wiring and 
lighting are supplemented in this 
edition with a review of ‘“‘ Electro- 
nics in Industry ”’ by R. C. Walker, 
B.Sc., A.M.I.E.E., A.M.I.Mech.E., 
and up-to-date information on 
‘** Ventilation ’’ by F. Parry, 
A.M.I.H.V.E. Factory trucks, as 
well as road and other battery elec- 
tric vehicles, are described by J. de 
Gruchy, M.Brit., I.R.E. 

The many eleetrical aids to agri- 
culture, horticulture and dairy farm- 
ing are dealt with by J. Golding, of 
the Electrical Research Association, 
and practical information given on 
such matters as loadings and wiring. 
In fact, this chapter—like all sec- 
tions of the ‘‘ Pocket Book ’’—has 
been written to guide the practical 
electrician and inform the student 


apprentice. 

Tables summarising the character- 
istics of instruments and giving 
preferred instruments for various 


measurements are now a feature of 
the Measurements Section. The 
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BASIC 
ELECTRONICS | 


by 
R. G. Kloeffler | 
and 
M. W. Horrell | 
404 illusts. 


This book caters for the interest 
of both power and communication 
fields, and also presents recent de- 
| velopments of the transistor and 
|  mechano-electronic transducer. 
| 


‘COMMUNICATION. 
' CIRCUITS | 


by 
L. A. Ware & H. R. Reed 
Third Edition 


202 illusts. 


435 pages 40s. net | 


403 pages 40s. net 





37, ESSEX STREET, LONDON, W.C.2. 
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Monographs 


CATHODE RAY TUBE TRACES 
by H. M oss, Ph.D 


This monograph is based on a series of articles 
published in ‘‘ Electronic Engineering ’’ and 
contains the elementary theory of common 
types with notes on their production. Con- 
siderable emphasis has been placed on the 
geometrical interpretation of the patterns and 
full notes on the techniques of the circuits 
required for the high degree of stability are 
given in the appendices at the end of the book. 


Price 10s. 6d. Postage 6d. 


A HOME-BUILT TELEVISOR 
For Sutton Coldfield reception. 
by W. I. Flack 


This booklet fully describes the design and 
construction of a high quality receiver for the 
reception of the Sutton Coldfield transmission. 
Tests of the receiver itself over the last few 
months on pilot transmissions have proved 
entirely satisfactory and recent preliminary 
tests on Sutton Coldfield have demonstrated 
the sound design of the receiver. Booklet 
complete with detailed wiring diagram. 


Price 4s. 6d. Postage 3d. 
Available from all Booksellers or direct from 


The Circulation Dept., 28, Essex Street, 
Strand, W.C.2. 
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NEW 
FIELDEN 
TECHNIQUE 


in micro-measurement and 
control 


FOR ANY INDUSTRIAL OR RE- 
SEARCH PROBLEM RESOLVABLE 
INTO MINUTE ELECTRICAL 
CAPACITANCE CHANGE 


ACTUATION BY PROXIMITY of solid 
or liquid conductors or insulators to an 
electrode terminating a co-axial cable 


The Fielden 
Proximity 
Meter— 
Sensitivity 
0.01 pF—in- 
dicates minute 
capacitance 
m changes, 
whether 
caused by very 
small mech- 
anical dis- 
placement or 
dielectric 
It measures, for instance, strains in 





change. 
structures, it gauges components to less than 
0.00001 in., monitors sheet, foil and wire 
sizes, measures liquid and other levels precisely, 
monitors dimensions and compositions, com- 
pares dielectric properties of non-conducting 


liquids, etc. {It does what is impossible 
mechanically and, in many fields, surpasses 
all other micro-measurement methods. 


The Fielden Tektor-Sensitivity 0.25 pF— 
is a unique, stable, high-speed capacity 
relay which solves many problems of 
counting, temperature control, level 
control of liquids and solids, and so on 
where simple direct-switching is im- 
possible 


Please send for Specification FE's to the 


SPECIALISTS ININDUSTRIAL 
ELECTRONIC EQUIPMENT 


Fielden. 


(ELECTRONICS) LIMITED 


HOLT TOWN MANCHESTER 


el; ARDwick 2619 




















Electronic Engineering 


February, 1950 


BOOK REVIEWS (Continued) 


rewinding of small motors and the 
winding of resistances are explained 
by S. F. Philpott, A.M.I.E.E., and 
** Soldering ’’ is another new head- 
ing. 

The Mains Voltages Table, always 
a valued part of this beok, now lists 
over 5,000 places, and gives, as well 
as voltage and frequency, the res- 
ponsible Board and sub-area office. 


Guide to Broadcasting 
Stations 
Compiled by Wireless World. 88 pp. 


5th Edition. Iliffe & Sons, Ltd. Price 
Is. 6d. 
LMOST without exception 
Europe’s four hundred long- 
and medium-wave _ broadcasting 


stations will be changing their wave 
lengths in March when _ the 
Copenhagen Frequency Allocation 
Plan comes into operation. In 
order that this new _ edition 
should not become out of date 
within a few months, it has been 
enlarged and includes, in addition 
to the present operating details of 
Europe’s stations, those which will 
come into force on March 15, 1950. 

Operating details of nearly 1.300 
short-wave stations of the world, 
which have been checked against the 
frequency measurements made at 
the B.B.C. receiving station at 
Tatsfield, are also given in tabular 
form both geographically and in 
order of frequency. 

This booklet also includes details 
of Europe’s television and £.H.F. 
broadcasting stations and special ser- 
vice stations—such as meteorological 
and standard frequency transmit- 
ters; ~vorld time constants; revised 
list of international call signs; and 
wavelength frequency conversion 
table. 


International Radio Tube 
Encyclopaedia 


Edited by B. Babini. 410 pp. Ist Edition, 
1949. Bernards (Publishers), Ltd. 
Price 42s. 


HIS book, as the publishers 

correctly state, is an important 
contribution to electronic engineer- 
ing, containing operating charac- 
teristics and pin connexions of some 
15,000 valves of all types manufac- 
tured throughout the world. 

These 15,000 valves are classified 
into ten main categories, and once 
the reader has discovered the parti- 
cular section to which a_ valve 
belongs, the search for its charac- 


teristics is generally an easy matter, 

An important feature of the book 
is the inclusion of the types of 
valves used by the British, Ameri- 
can and European services, 

The sections containing the tech- 
nical matter and instructions relat- 
ing to the tables have been trans- 


lated into fourteen languages includ- — 


ing Hebrew and Turkish so that the 
book is truly international. — Since 
the publishers propose to issue sub- 
plements annually on new valves 
there is no risk that the book will 
become obsolete. 


H.G.F. 


Notes on Soldering 


W. R. Lewis. 88 pp., 47 photographs 
and diagrams. Tin Research Institute. 
Fraser Road, Greenford, Middx. Free 
of charge. 


URING recent years every de- 
tail of the soldering process has 
been scientifically investigated and 
a vast literature on the subject has 
accumulated. In a new edition of 
the Tin Research Institute’s hand- 
book ‘‘ Notes on Soldering,’’ W. R. 
Lewis, B.Se., reviews these re- 
searches and presents a compilation 
of the more important facts which 
are likely to be of value to solder- 
users in a large variety of industries. 
Advances in soldering technique 
are discussed and the various forms 
of solder and methods of applying 
heat to the joints are described in 
outline. The importance of design 
for soldering is emphasised. 
The fundamental principles under- 


lying the production of ‘ wiped 
joints” in lead pipes are fully 
covered and alternative types of 


joint in lead pipe are described and 
illustrated. Aluminium, | stainless 
steel, cast iron and other ‘* diffi- 
cult-to-solder ” alloys can be 
soldered by the special methods 


suggested. The behaviour of 
solders at various temperatures, 
under tensile and shear stresses, 


and under creep conditions is im- 
portant to the designer and to the 
production engineer, and data on 
these properties, together with 
notes on the metallurgical constitu- 
tion of the tin-lead_ solders, is 
included. 

** Notes on Soldering ” also con- 
tains an adequate bibliography and 
a detailed scheme for the chemical 
analysis of tin-lead solders devised 
by Dr. . Price. 

Readers in the United States of 
America are requested to apply to 
Dr. Bruce Gonser, The Battelle 
Memorial Institute, 505 King 
Avenue, Columbus, 1, Ohio, U.S.A. 
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LETTERS TO THE EDITOR 


(We do not hold ourselves responsible for the opinions of our correspondents) 


The Design and Limitations of 


D.C. Amplifiers 


Dear Sir,—Your  correspon- 
dent, Mr. Vernon, has criticised 
Messrs. Harris and Bishop for 
recommending the 636 (Mullard 
equivalent Ecc 91) as a com- 
mendable double-triode for use in 
the early stages of a D.C. ampli- 
fier, quoting the Radiation 
Laboratory’s experience as _ re- 
corded in the McGraw-Hill series. 
From personal experience I sup- 
port this view, but both parties 
are guilty of misconceptions 
which cloud the basic issue. 


It is generally recognised, as 
the authors state on page 335 
(September 1949 issue), that the 
best performance (i.e.,  mini- 
mum output voltage drift) is 
provided by those valves which 
remain most nearly balanced 
when the heater current varies, 
so that twin triodes in one enve- 
lope and with a truly common 
cathode, shared between the 
assemblies, should be used. The 
cathodes are then most nearly 
balanced, both in thermal and 
emissive properties. Further- 
more, the two grid and anode 
assemblies must be matched to 
each other and to the cathode 
and this would be expected to be 
more difficult in miniature rather 
than standard-size assemblies. 


Mr. Vernon’s conclusion that 
“the best performance is 
apparently obtained from those 
twin triodes formed of two 
separate triodes in one envelope”’ 
is clearly untenable, all the more 
so when it is realised that the 
Radiation Laboratory’s con- 
siderations exclude, for some 
strange reason, one very impor- 
tant standard-size type, the 
6sc7 and 12sc7, although recom- 
mending the _ separate-cathode 
near-equivalent 6SL7. 


Messrs. Harris and_ Bishop 
(page 335) agree that the 12sc7 
is frequently specified for direct- 
coupled circuits, but say ‘‘ the 
two assemblies are one vertically 
above the other and there is no 
reason why the _ performance 
should be superior to that when 
a valve with independent 





assemblies in one envelope is 
employed.’’ They appear to have 
overlooked the point that, 
although the grid-anode assem- 
blies are physically separated 
vertically, the heater-cathode 
assembly rises with a_ single 
cathode sleeve through both sec- 
tions and is therefore very nearly 
balanced as compared with two 
independent cathode _ sleeves 
heated by separate filaments. 
One further theoretical improve- 
ment, as in the 636, would be to 
mount the two sections on oppo- 
site sides of the same cathode 
sleeve, rather than with longitu- 
dinal displacement, but in the 
636 the miniature construction is 
probably responsible for the bad 
matching. 

In operation it is also desirable 
to balance the anode circuits 
and currents whenever possible, 
as discussed on pages 355-6. If, 
however, the two halves of the 
tube are not perfectly balanced, 
but a truly common cathode is 
used, it can be_ reasonably 
assumed that the net effects of 
heater variations will produce 
proportional changes, upon which 
effect Miller’s compensating cir- 
cuit (page 356) depends for 
perfect adjustment to balance. 


Miller’s amplifier, which 
appears to have been the first 
cathode-coupled and _highly- 
stable D.C. amplifier, incorporat- 
ing highly-stabilised p.c. heater 
supplies and considerable nega- 
tive feedhack, employed the 
12sc7 and it may be of interest 
to note that the 1634, which the 
authors also recommend (page 
433) is merely a 12sc7 selected 
‘* for applications critical as to 
matching of the two triode 
units ”’ (most of the RCA 1600 
series are similarly selected tubes 
of various types). 

In my own experience of 
various D.C. amplifiers for 
measuring purposes, the 6sc7 
or 12sc7, even when un- 
selected, is far superior in drift 
stability to any other type of 
either American or _ British 
origin, when used under the best 





conditions. Unfortunately, sup- 
plies generally depend on War 
Surplus disposal, as these types 
are made only in the U.S.A. 
Johnston, in his excellent articles 
on an_ electroencephalograph, 
amplifier (author’s ref. 29), has 
used the 6sc7, but mentions the 
possibility of using the 636, not 
then available (1947), as gn- 
other particularly suitable type. 
The authors (ref. 30) subse- 
quently gave a suggested modifi- 
cation of Johnston’s preampli- 
fier, with circuit values for 636 
input, but no drift data. Such 
data is also conspicuously sparse 
in their review, which began 
promisingly enough, but is dis- 
appointing in containing no com- 
plete practical circuits together 
with performance figures. My 
own experience of the 636 type 
is confined to one sample 
ECC91 tube, used under balanced 
and stabilised conditions, but so 
bad in regard to drift that I did 
not consider it applicable to high- 
gain D.C. amplifiers. In view of 
the conflicting views on tube 
selection, it is clearly desirable in 
the general interest that repre- 
sentative tests be carried out on 
an adequate number of samples 
of the various type by a dis- 
interested organisation with the 
necessary equipment and person- 
nel; e.g., the R.A.E., N.P.L. or 
T.R.E.. Some criterion for tube 
matching selection, if found 
necessary, must then be estab- 
lished. 


One _ factor which clearly 
arises from the controversy is 
that there is a definite need for 
a British double-triode high-mu 
voltage amplifier with a drift 
performance at least as good as 
that of the 6sc7 type, particu- 
larly in view of the increasing 
interest in high-gain D.C. ampli- 
fiers for industrial and scientific 
purposes. I hope that those who 
build and use such apparatus 
will lend their support to prove 
the demand to our tube manu- 
facturers and to stimulate them 
into doing some useful work in 
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this direction. In addition to the 
fundamental question of the best 
form of cathode and general elec- 
trode assembly, it is evident that 
a practical compromise will have 
to be reached between the less 
critical tolerances and_ easier 
matching of a standard-size elec- 
trode assembly and the more 
rapidly attained and evenly dis- 
tributed thermal stability, mini- 
mum pick-up and compactness of 
a miniature type. 
Yours faithfully, 
Joun C. Fintay, 
Welwyn Electrical Laboratories, 
Limited. 
Bedlington Station, 
Northumberland. 


The Authors reply: 


** We should like to record our 
support of Mr. Finlay’s plea for 
a British equivalent of the 6 and 
12sc7, preferably as a miniature 
type, adding the suggestion that 
attention be paid to low grid 
current, which can be _ trouble- 
some in the sc7 valves. 

With regard to his experience 
of cc9l’s, we can_ quite 
appreciate his poor opinion if 
gained on a single sample. We 
ence tested a group of 37 mixed 
636 and xEcc91’s, kindly loaned 
to us by Mr. Johnston. Only 
about 30 per cent were accept- 
able on the score of balance and 
freedom from microphony. Prob- 
ably inadequate care in selection 
accounts for the adverse criti- 
cism expressed in the Radiation 
Lab. Handbook, although, natur- 
ally, it would save time and 
expense if more stringent pro- 
duction specifications had been 
applied by the makers, as is the 
case for 1634's and 6sU7’s. 

There is some difficulty in 
understanding why two halves of 
a thin cathode assembly will 
necessarily be better balanced 
with respect to heater supply 
changes when vertically above 
one another than when separated 
and side by side. Surely the 
temperature is determined by 
the balance between energy dis- 
sipation and radiation loss and 
the thermal conductivity along 
the cathode assembly is unlikely 


to provide a very effective means 
of keeping top and bottom at the 
same temperature. It was for 
this reason that we originally 
tried 636’s, which have a small 
compact cathode with a 
much better chance of thermal 
gradients between the two halves 
(here the two sides) being mini- 
mised. Clearly any advantage 
accruing from this factor will 
only be apparent if other obscur- 
ing factors of greater magnitude 
have been obviated by selection. 
A residual instability is bound to 
remain in any case on account 
of statistical fluctuations in the 
ion/electron density in the semi- 
conducting coating. which we 
suppose is the origin of flicker 
noise. A short but useful treat- 
ment of the influence of tempera- 
ture on cathode emission will be 
found in  Arguimbau’s book 
“Vacuum Tube Circuits.” 


Mr. Finlay will find some of 
the information which he con- 
siders to be missing from our 
review in the reference (11), 
which gives a figure for the resi- 
dual instability of a particularly 
good 636 stage. Provided suffi- 
ciently stable supplies are used, 
the instability will be  deter- 
mined by the valve used in the 
first stage, and not by the circyit 
arrangement (unless subsequent 
stages are worse by a_ factor 
approaching the total gain up to 
that stage). The various circuit 
devices are all used with a view 
to minimising the 
supply variations, and their per- 
formance in this respect can be 
calculated, given the values of 
the valve parameters and com- 
ponents. As we were trying to 
survey the design of direct 
coupled amplifiers it would have 
been inappropriate to have in- 
cluded a detailed description of 
an apparatus made to fulfil a 
particular function. We have, in 
fact, submitted for publication a 
full description of a 4-channel 
alternatively direct or capaci- 
tor-coupled apparatus’ with 
high impedance cathode follower 
input stage, and provision for 
oscilloscope or pen recorder 
display.” 


” 


effects of. 


February, !950 


Review of Recent Technical 
Films 


Marine Radar Film 


‘“*In All Weathers,’ a film pro- 
duced by C.O.I. Films for the Mini- 
stry of Transport, tells of the 
development and use of British 
mercantile marine radar. 

The opening sequences deal with 
a cargo ship held up by _ bad 
weather without a raday system. 
Then scientific investigation, early 
experiments and war-time sets are 
portrayed, followed by the post- 
war developments such as construc- 
tion of the prototype set for use in 
merchant ships, and the actual 
experiments with this set. The 
remainder of the film describes the 
passage of a merchant vessel, fitted 
with a British radar set, through 
a channel to a Canadian port in 
bad weather. 

This film is a clear, concise and 
interesting account of how radar 
can help commercial shipping, and 
should be a valuable contribution 
to selling British radar equipment 
overseas. It is, however, considered 
a pity that ‘‘In All Weathers ”’ 
has not been thought suitable for 
general release to the public. 


E.D.A. Educational Films 


The British Electrical Develop- 
ment Association has produced 
three more films in their third 
series, 

** Electricity and Heat’”’  illus- 
trates the different effects resulting 
from the flow of electric current 
through a good conductor, such as 
copper, and a higher resistance con- 
ductor, such as nickel alloy pro- 
ducing heat. It is demonstrated 
how the amount of heat generated 
can be controlled by the thickness 
and length of the conductor, 

‘High Frequency Heating 
should always be’ shown after 
** Electricity and Heat,’”’ for it 
deals with dielectric and induction 
heating, and describes actual pro- 
cesses, 

In the film ‘‘Electro-Chemistry”’ 
the principle of electro-chemistry is 
shown as being a migration of. ions 
between two electrodes. Indus- 
trial applications of the principle 
are shown—in the refining of 
copper and the reduction of alumina 
to aluminium. 

In the same way electro-chemical 
action is shown in the production 
of an electric current from which 
a simple primary cell is built up. 

These three films are an excel- 
lent addition to the 12 educational 
films already made for the Electri- 
cal Development Association, and 
have the same high standard of 
production. 

All the E.D.A. educational films 
should have a wide field of interest, 
especially in schools and colleges, 


” 
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NOTES 


Television Exhibition for 
Birmingham 


The Radio Industry Council 
announces that a radio exhibition, 
with television as the main feature, 
is to be held at Castle Bromwich, 
Birmingham, in September next— 
the exact date to be announced 
later. As previously stated, there 
is to be no National Radio Exhibi- 
tion in London in 1950. 


Convention in Radio-physics 
Measurements 


A two-day convention on radio- 
physics measurements, with special 
reference to local conditions, will be 
held at the University of Malaya, 
Singapore, on February 17-18, 1950. 


A programme of lectures, discus- 
sions and demonstrations will be 


arranged, under the following 
general headings :— 
(a) Basic measurement tech- 
niques. 


(b) Measurements under tropi- 
cal climatic conditions. 

(c) Standards and __ sub-stan- 
dards available in Malaya, 
and co-operation between 
interested bodies. 


Thermionic Valve Data 


In order to simplify problems in 
the use of the Thermionic Valve in 
scientific instruments from the point 
of view of design, servicing and 
export conditions for members of 
the Scientific Instrument Manufac- 
turers Association, their Electronic 
Section prepared a list of the pre- 
ferred types. The list endeavours 
to provide a working collection of 
a limited number of valve types on 
which new designs of instruments 
may be based. 

The advantages of limiting the 
number of types of valves used from 
the point of view of productivity is 
obvious, and with the increasing 
number of British electronic instru- 
ments being shipped overseas, the 
reduction of the number of types 
required for servicing should be of 
great value to the export drive. 

The list was originally prepared 
for circulation among the members, 
but it was felt that other industries 
might be made aware of such a step 
with advantage, and accordingly 
the list was brought up-to-date, 
and information on the characteri- 
stics of the valves concerned was 
included. Copies of this list can 
be obtained from the Scientific 
Instrument Manufacturers Associa- 
tion, 17 Princes Gate, London, 
S.W.7, price 2s. 6d., post free. 
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FROM THE INDUSTRY 


1950 New Year Honours List 


Mr. J. B. Stevenson, a director 
of E.M.I. Factories, Ltd.—a_ sub- 
sidiary company of Electric and 
Musical Industries, Ltd., has been 
awarded the M.B.E. for his services 
to the industry. 

Mr. J. A. Hunt, general manager 
of the Hymatic Engineering Co., 
Redditch, Worcs., and chairman of 
the Birmingham Advisory Com- 
mittee, Midland Regional Board for 
Industry, has been awarded the 
M.B.E, for his work in the field 


of industrial relations. 


Bellahouston Park 


On December 12 a new transmit- 
ting station in Bellahouston Park 
started radiating the Third Pro- 
gramme for Glasgow listeners. It 
took over the service from the trans- 
mitter that was installed in Broad- 
casting House, Glasgow, as an 
emergency measure in 1940. 

The new station, which is on a 
2}-acre site, has two transmitters, 
each capable of 2 kilowatts output 
power, and a T aerial supported by 
a pair of tubular masts, 126 ft. high. 
By having duplicate transmitters, a 
very reliable service is ensured, 

The twofold increase in power and 
the more efficient aerial system at 
the new station give listeners to the 
Third Programme a stronger signal 
in most parts of Glasgow. 


British Standard for Soft Solders 
(B.S. 219 : 1949) 


The need to economise in raw 
materials during the war led to the 
issue of a war emergency edition 
of B.S.219, Soft Solders, restricting 
the number of grades to five. 

It has now been found possible 
to revise this standard to include 
five antimonial and five non-anti- 
monial solders, and it is considered 
that these will cover all common 
requirements. Slight alterations 
have been made to the composition 
of some of the solders that were 
covered in the earlier edition. 

Copies of this standard may be 
obtained from the British Standards 
Institution, Sales Department, 24 
Victoria Street, London, S.W.1, 
price 2s., post free. 


New Telephone Number 


E. K. Cole, Ltd. announce that, 
as from January 9, 1950, the tele- 
phone number of the London 
offices and showrooms of E. K. 
Cole, Ltd., and Ekco-Ensign Elec- 
tric, Ltd., at 5 Vigo Street, became 
Regent 7030/9. 


Publications Received 


Industrial Photocells. 

This publication, MV1823, is in- 
tended to serve as a guide to the 
use of the Mullard range of emission 
photocells which have been specifi- 
cally developed for industrial appli- 
cations. Mullard Electronic Pro- 
ducts, Ltd., Century House, Shaftes- 
bury Avenue, London, W.C.2. 
Hazlehurst Designs. 

This collection of data sheets gives 
a table of the standard and non- 
standard types of radio frequency 
high voltage units made by Hazle- 
hurst Designs, Ltd., 186 Brompton 
Road, London, S.W.3. 


Glass-to-Metal Seals. 

This publication gives details of 
the Nilo series of alloys, and may 
be obtained from Henry Wiggin 
and Co., Ltd., Wiggin Street, 
Birmingham 16, 


Mallory Resistance Welding. 

A publication. issued by Johnson 
Matthey and Co., Ltd., 73-83 Hatton 
Garden, London, E.C.1, dealing with 
their Mallory products for resistance 
welding. 

Radio and Electronic Instruments 
and Components. 


This catalogue describes the many 
types of radio and electronic equip- 


ment retailed by Berry’s (Short 
Wave), Ltd., 25 High Holborn, 
W-G.}. 


R.S.G.B. Publications 


Amateur Radio Receivers by S. K. 
Lewer describes the various types 
of communications receivers of in- 
terest to amateurs, and _ includes 
their construction, power supplies, 
fault finding, adjustments and cali 
bration. Price 3s. 6d. 

Amateur Radio Simple Trans- 
mitting Equipment by W. H. Allen, 
M.B.E., and J. W. Mathews. This 
booklet discusses transmitters for 
amateur use, covering aerials, 
fundamentals, a simple v.F.o. unit 
and crystal controlled frequency 
sub-standard. Price 2s. 


Amateur Radio—The Transmit- 
ting Licence. This publication 
presents the essential information 
required by those who wish to 
obtain an Amateur Transmitting 
Licence. Price 9d. 

These booklets may be obtained 
from the Radio Society of Great 
Britain, New Ruskin House, Little 
Russell Street, W.C.A, and 3d. 
postage on each book must be 
added. 








Flectronic Engineering 


February, 1950 


MEETINGS THIS MONTH 


Institution of Electrical Engineers 


Unless otherwise stated, all meet- 
ings are held at the Institution of 
Electrical Engineers, Savoy Place, 
W.C.2. 


Measurements Section 


Date: Time: 5.30 
p.m, 
Lecture: A New Precision A.C. Vol- 
tage Stabiliser. 
By: G. N. Patchett, B.Sc., Ph.D. 
5.30 


Date: February 21. Time: 
p.m, 

Discussion: Electrical Methods of 
pH Measurement. 

Opened by: I. Hitchcox and 
G, R. Taylor. 


Radio Section 


February 15. 


February 7. 


Date : Time: 5.30 
p.m. 

Lecture: Ground-Wave Propaga- 
tion over an Inhomogeneous 
Smooth Earth — Experimental 
Evidence and Practical Implica- 
tions. 

By: G, Millington, M.A., B.Sc., and 
G. A. Isted. 


Date: February 27. Time: 5.30 
p.m. 

Discussion: Mobile “Radio Power- 
Packs. 


Opened by: Air-Commodore R. L. 
Philips, C.B.E, 


Informal Meetings 


Date: February 18. Time: 5.30 


Interference Suppres- 


sion. 
Opened by: E. M. Lee, B.Sc. 


The Secretary, Institution of Elec- 
trical Engineers, Savoy Place, 
W C2. 


Cambridge Radio Group 


Date: February 7. Time: 8.15 p.m. 

Held at: The Cavendish Labora- 
tory, Cambridge. 

Lecture: ‘‘ Some Considerations in 
the Design of Negative-Feedback 
Amplifiers. (Joint Meeting with 
the Cambridge University Radio 


Society). 

By: W. T. Duerdoth, B.Sc. (Eng). 

Date: February 28. Time 6 p 
Cambs, Technical College, 


p.m. 
Discussion : 


Held at: 
ei og 

Lecture: A Survey of the Possible 
Applications of Ferrites, 

By: K. E. Latimer, Ph.D. 
H. B. MacDonald, B.E. 


Secretary: G. E. Middleton, M.A., 
University Engineering Labora- 
tory, Cambridge. 


and 


North-Eastern Radio and Measurements 
roup 
Date: February 6. Time: 6.15 p.m. 
Held at: King’s College, Newcastle- 
on-Tyne. 


Discussion: Control and Measur- 
ing Equipment: Electronic versus 
Non-Electronic Apparatus. 

Date: February 20. Time: 
p-m. 

Held at: King’s College, Newcastle- 
on-Tyne, 

Lecture: Theory and Design of 
Magnetic Amplifiers. 

By: H. M. Gale, B.Sc.(Eng.), and 
P. D. Atkinson, M.A, 

Asst, Secretary: G. A. Kysh, Carliol 
House, Newcastle-on-Tyne, 1. 


6.15 


South Midland Radio Group 

Date: February 27. Time: 6 p.m. 

Held at: James Watt Memorial 
Institute, Great Charles Street, 
Birmingham, 

Lecture: Magnetic Amplifiers. 

By: A. G. Milnes, M.Sc. (Eng.). 

Secretary: W. H. Brent, B.Sc., 
Regional Director’s Office, Mid- 
lands Region (G.P.0.), Civic 
House, Great Charles Street, 
Birmingham 8. 


The Television Society 


Constructors’ Group 


Date: February 9. Time: 7 p.m. 

Held at: Cinema Exhibitors’ Asso- 
ciation, 164 Shaftesbury Avenue, 
WC2. 

Lecture: Mullard Projection Re- 
ceiver. 

By: Emlyn Jones, 

Main Society 
Date: February 24. Time: 7 p.m. 
Held at: Cinema Exhibitors’ Asso- 


ciation, 164 Shaftesbury Avenue, 
Ca: 

Demonstration and Discussion on 
Television Aids—polaroid lenses, 
filters, lighting, special aerials, 
interference suppressors. 

Secretary: T. M. Lance, 35 Albe- 
marle Road, Beckenham, Kent. 

Midlands Centre 

Date: February 6. Time: 7 p.m. 

Held at: Lecture Hall (1st Floor), 
The Crown Restaurant, Corpora- 
tion Street, Birmingham. 

Lecture: The V.H.F, Link. 

By: A. H. Mumford, M.I.E.E. 

Secretary: W. Summer, 31 Beech 
Road, Bournville, Birmingham 30. 


British Sound Recording Association 


London Meeting 

Date: February 24. Time: 7 p.m. 

Held at: Royal Society of Arts, 
John Adam _ Street, Adelphi, 
wa: 

Lecture: High Quality Reproduc- 
tion—How to Achieve it. 

By: H. J. Leak. 


Hon. Gen. 
Lowden, 


Secretary : 
** Wayford,”’ 
Avenue, Farnborough, Hants. 


R. W. 
Napoleon 


Inc. Radio Society of Great Britain 


Date: February 24. Time: 6.30 
p.m. 
Held at: Institution of Electrical 


Engineers, Savoy Place, W.C.2. 


Lecture: Panoramic Reception 
By: J. Neale, B.Sc. (Eng), 
M.I1.E.E. 
General Secretary, ae Ruskin 
House, Little Russell Street, 
W.C.1. 


Institution of Post Office Engineers 

Date: February 22. Time: 5 p.m. 

Held at: Institution of Electrical 
Engineers, Savoy Place, W.C.2. 

Lecture: Relay Manufacture, 

By: R. Moxham. 

Local Secretary: W. H. Foza, 
A.M.I1.E.E., Engineer-in-Chief’s 
Office, (T.P. Branch), Alder 
House, E.C.1. 


British Institution of Radio 
Engineers 
London Section 
— February 23. Time: 6.30 
Held - whe London School of Hygiene 
and Tropical Medicine, Keppel 
Street, W.C.1. 
Lecture: Travelling Wave Tubes. 
By: R. L. Kompfner. 


General Secretary: 9 Bedford 
Square, W.C.1. 
West Midlands Section 
Date: February 22. Time: 7 p.m. 
Held at: Wolverhampton and 
Staffs. Technical College, Wul- 


fruna Street, Wolverhampton. 

Lecture: Electronics and the Brain. 

By: H. W. Shipton. 

Hon. Secretary: R. A. Lampitt, 
20 Northfield Grove, Merry Hill, 
Wolverhampton. 

North Eastern Section 


Date: February 15. Tim 
Held at: Neville Hall, "Westpate 
Road, Newcastle-upon- “Tyne, 
Lecture: Single Sideband Systems 
Applied to Long Range Wireless. 
By: Major S. R. Richman. 
Hon. Secretary: C. Stokes, 6 Ester- 
ton Close, Coventry. 
Scottish Section 


Date: February 2. Time: 6.45 
p.m, 

Held at: Institution of Engineers 
and Shipbuilders, Glasgow. 

Lecture: The erformance and 
Stability of Permanent Magnets. 

By: A. J. Tyrrell. 

Hon. Secretary: A. A. M. Turn- 
bull, 68 Launderdale Gardens, 
Glasgow, W.2. 
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vee Range of measurement is — 85 dbs. to + 20 dbs. 
rain. . ae z 
referred to 1 milliwatt into 600 ohms. Accuracy 
A BY viccmerit © iy Be ek : 
pitt, 1 db. between -+ 20 and 75 dbs., +2 dbs. 
between — 75 and — 85 dbs. 


Hill, 


Wul- 


A two-stage crystal filter provides a band width of 
p.m 10 cps. at — 6 dbs, and 60 cps. at — 65 dbs. Input 
gate impedance is greater than 30,000 ohms. 
— The instrument is available for standard 19” rack 
SS. 


mounting or in light transportable case as illustrated. 
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"I LIKE. THE LOOK 
OF THESE PEOPLE .. ." 


- « - and the Managing Director 
presented another balance sheet in 
a most excellent black . .. the 
shareholders think the world of him! 


This Parmeko advertisement, 
torn out and passed to the Design 
Department, resulted in a new type 
of Transformer designed specially 
for this Company's use: result - 
better performance, greater savings! 
A Transformer designed by people 
devoted solely to that task; 
produced on single-purpose plant 
by an organisation with 25 years 
experience of supplying Britain's 
largest manufacturers with Parmeko 
fransformers for most Electronic 
or Electrical circuits, 


PARMEKO // LEICESTER 


Mokers of Transformers for the Electronic and Electrical Industries 
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Fer TELCON CABLES are 
scientifically designed. EVERY 
COIL is TESTED to ensure that the Impeda- 
ance and Attenuation characteristics are 
uniformly maintained within close limits. 
This background of technical knowledge and 
care in manufacture is a guarantee that 
Aerial Installations using TELCON TELEVISION 
CABLEs are a source of maximum signal and 
satisfaction. There is a TELCON CABLE 
designed for every Receiver and for all 
reception areas—PT1M Co-axial for high 
signal strength and AS 60M Co-axial for 
“fringe ’’ areas are two examples. 


The TELEGRAPH CONSTRUCTION & MAINTENANCE Co. Ltd 
Founded 1864 


Head Office: 22 OLD BROAD ST., LONDON, E.C.2 
Telephone : LONdon Wall 3141 : 


Enquiriesto: TELCON WORKS, GREEN WICH, S.E.10 
Telephone : GREenwich 3291 
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NILO K for use in seals 
in medium-hard boro-sili- 
cate glasses. 





NILO 48 for thermostats 
¥ operating up to 450°C. and 
seals in certain soft glasses. 


FOR 
CONTROLLED 
EXPANSION 


NIL O 42 for oven thermo- 
stats, lead-in wires for lamps 
and valves. 


fey 
“es 
. 


NIL O 36 for clock pendu- 
lums, precision gauges, 
surveyors’ tapes, etc. 


The Nilo alloys are nickel-iron and nickel-cobalt-iron alloys 
with small controlled coefficients of thermal expansion. 
Nilo 36 has a coefficient of expansion approaching zero at 
atmospheric temperatures. 
Nilo 42 has a slightly higher expansion, but it holds this 
figure at higher temperatures than Nilo 36. 
Nilo 48 has a coefficient of thermal expansion similar to that 
of certain soft glasses, and may be used at temperatures up 
to about 450°C. 
Nilo K has a coefficient of thermal expansion similar to that 
of medium-hard boro-silicate glasses. These glasses, having 
good thermal shock resistance, are widely used in the con- 
Ltd Ps struction of electronic equipment. 
*Nilo is a registered trade mark 


C.2 For further particulars, write to... 


HENRY WIGGIN & CO. LTD 
WIGGIN STREET, BIRMINGHAM, 16 


36/HA/2 
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LABORATORY 
INSTRUMENTS 
4 


This announcement is the third of a series 
indicating the outcome of acos research in 
the practical exploitation of piezo-electric 
phenomena in relation to acoustic, ultrasonic 
and vibration problems. This research has 
made available a series of laboratory instru- 
ments, including VIBRATION PICK-UPS, 
WATCH RATE RECORDERS, PRESSURE 
STANDARDS, ARTIFICIAL EARS and 
WIDE RANGE MICROPHONES. The 
last are briefly described below. 


WIDE RANGE 
MICROPHONES 


These microphones are divided into two classes, 
General Acoustic types and Ultrasonic types ; 
the former with a range of 10 cps to 30Kcs, and 
the latter with a range of 100 cps to 200Kcs in 
water. Because of the difference in wave-length 
of sound in air, the upper frequency limit of the 
ultrasonic microphones in air is 25 cps to 30Kcs. 
A noteworthy feature of these instruments is 
the small microphone head 

which permits their use 

ve as wide range exploring 
microphones. The major 
difference between the 
ultrasonic and the low 
frequency microphones is 
in the source capacitance 
of the generating system. 
This capacitance must be 
considerably increased in 
the low frequency micro- 
phones in order to keep the 
signal to noise ratio low at 
the very low frequencies. 
This latter requirement is 
not necessary with ultra- 
sonic microphones and ad- 
vantage can be taken of 
very small crystal elements 
with consequent increase in 
the high frequency range. 











Full technical data on Wide Range Microphones or any 
other acos instruments will gladly be sent on request. 


COSMOCORD 
ENFIELD, MIDDLESEX 


LIMITED 
PHONE : ENFIELD 4022 
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UNITED INSULATOR COMPANY LTD - TOLWORTH - SURBITON - SURREY - ENGLAND 
Cables: Calanel, Surbiton Telephone: Elmbridge 5241 











INSTRUMENTATION BY SOLARTRON 





FULL DETAILS OF THESE 





AND OTHER INSTRUMENTS 


SPECIAL INSTRUMENTS ro & 
CONSTRUCTED TO 


® 
o & 


@. 
* 6@ 
2@ 


_ PULSE GENERATOR 
REGULATED POWER SUPPLIES vamsanen teen Cade 
TYPES SRS 150 AND SRS 151 wana we ie 


SPECIFICATION ON REQUEST 





WIDE BAND AMPLIFIERS 
TYPES AWS 50 AND AWS 51 








Instruments for 
Research and 
Production Test 

Departments. | Lett 





SOLARTRON LABORATORY#INSTRUMENTS, LTD.., 
22 High Street, KINGSTON-ON-THAMES KINgston 1787 
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Series 65 


MEASURING 


FS Electrin Works, Winchester 





RECTANGULAR INSTRUMENTS BY 


See PULLIN 





These three rectangular instruments are designed 

on symmetrical lines, thus giving a distinctive clear 

open scale and pleasing appearance. Each size 

available in all standard ranges. The Series 65 and 
35 can be fitted with dial illumination. 


=ib— 





Series 35 Series 30 
INSTRUMENTS (PULLIND LTD. 
St., Acton, London, W.3. Telephone : ACOrn 4651/3 & 4995 











The 


BERCO vitreous enamelled 


temperatures of 300-400°C, withstand extremely high voltages and have 


an exceptionally high overload capacity, thus the size and number of units 


required for a given duty is reduced 


The British Electric Resistance Company design, develop and 
manufacture vitreous enamelled resistors in a wide range of sizes for horizon- 


tal or vertical mounting and for a variety of operating conditions. ~ 











resistors have perfect insulation at 
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to a minimum. 











WRITE FOR LEAFLE7 No. BRi212/10 





VITREOUS 
ENAMELLED 
RESISTORS 





THE BRITISH ELECTRIC RESISTANCE CO. LTD. 
Queensway * Ponders}En'd - Middlesex 


Telephone: HOWard 1492. Telegrams: Vitrohm Enfield 
BR2123-THXI 
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The need for reliable Radio communication is 
being met throughout the world by Redifon 
equipment for many civil, commercial, marine 
and aeronautical services. The G.4l, illustrated, 
is a typical example of a 5-74 KW Transmitter 
for world wide, high speed Telegraphy, Tele- 
printer, Telephony and Broadcast purposes. 











"i G.41 Transmitter with 7 
aC / Oo doors removed to show controls. 
hadio Communicauons Division 


REDIFON LIMITED, BROOMHILL ROAD, WANDSWORTH, 3. W.18 


DESIGNERS & MANUFACTURERS OF RADIO COMMUNICATION & INDUSTRIAL ELECTRONIC EQUIPMENT. Phene: VANdyke 5691 








VIEWMASTER T.V. THE FOLLOWING MANUFACTURER’S SURPLUS’ 
ANYONE CAN BUILD CAPACITORS AVAILABLE 
Come and VIEW this MASTER of T.V. Construction. Full instructions 
and blueprints, 5/ each, plus 3d. postage. ELECTROLYTICS 
son, Sain or Tin. CRT cam be ened." New type magnetic focim, Can be 
easily dipsel eile instruments, Sold in kit ious ae ows (postage extra) : 8uF 500V dic. working... ‘ae son sia a we 
£sd {i a ae 
mancgnl kit of T.C.C. Capacitors 615 0 32uF = Pe oe aoe te Pore or a 5/- 
Westinghouse Rectifiers... a - Sa a ae a 
mn ol 16 9 16-16uF Se eo a ee ee 
» Plessey equipment 512 6 32-32uF 450V |. 4 i ine ee aa .. 6/6 
€ Bein Le ace sories. ' ; $ 8- l6uF 350V ,, ” a a, sid pr tae 4)- 
Tag Strips ... 12 6 8uF 350V ,, is owe een Ae as se ae 





All ide available Sai ich Postage extra 








WELL-KNOWN PICKUPS MAINS TRANSFORMERS (Postage extra) 











Postage extra By the well-known GRANGE TRANSFORMER 
al PRODUCTS 

hes 2 se * £ s. d. 
Coomocord OP <2 ond 72 3 350-350V 100mA ; 6V 4A; as 
— iy 5V 3A igs manu = = aS 
Crhiving 160 ey 300-3000 60mA ; “6V 3A: eo ee 
Goldring 121 (with sapphire—no transformer) _ 314 12V + faa ° : a —_ = ste & : 

rconi 14 Ay transformer) oer ‘ 311 8 saz ei is i a ac 

es 3 0 8 CHOKES (Postage extra) 

U8 “ 116 2 1OHy. 150 ohms 75mA I5Hy. 150mA L.F. Choke 9 6 
- Senior a 35 0 L.F. Choke ... “ss 49 IS5Hy. 80mA 9 0 
se ES 615 10Hy. 100mA L.F. Choke » 6 20Hy. 10mA | 000 ohms 46 
Shef Standen ol se 210 4 1OHy. 150mA L.F. Choke 12 6 20Hy. 50mA =" 5 6 
” » (white) 215 6 50Hy. 20mA | 500 ‘ohms 5 6 
18 TOTTENHAM COURT ROAD, LONDON, W.1. Shop hours : Monday to Friday 95.30. Saturday 9—I 


Tel. MUSeum 2453. Tel. MUSeum 4539 FULL MAIL ORDER FACILITIES. Please add postage 
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C.P.20A 
15 WATT AMPLIFIER 


or 12 volt battery and A.C. Mains operation. This improved version has switch 

change-over from A.C. to D.C. and ‘‘ stand by ’’ positions and only consumes 5} 

amperes from 12 volt battery. Fitted mu-metal shielded microphone transformer 

for 15 ohm microphone, and provision for crystal or moving iron pick-up with tone 

control for bass and top and outputs for 7.5 and 15 ohms. Complete in steel case 
with valves. 


d As illustrated. Price £28.0.0 
A.D, 47 10-valve Triode Cathode Follower AMPLIFIER 


For this recording and play-back amplifier we claim an overall distortion of only 
0.01% as measured on a distortion factor meter at middle frequencies for a 10 watt 
output. The output transformer can be switched from 15 ohms to 2,000 ohms 
for recording purposes, the measured damping factor being 40 times in each case. 
























Full details on request. ann 
“SUPER FIFTY WATT" AMPLIFIER complete in case. EXPORT 
Price 36} Gns. ENQUIRIES 
RECORD REPRODUCER AMPLIFIER complete in case. INVITED 
Price 253 Gns, 


“THIRTY WATT ”’ AMPLIFIER complete in case. Price 303 Gns. 


VORTEXION LTD.” winnizvon svn 















Telephones : _LiBerty 2814 and 6242 3 ee eee: : : a ee __ iT elegrams : VORTE XION, WIMBLE, LONDON _ 
18 , _ - meen aERnNNeneN 
5691 | 
mm —— in PAR vO! ae. 
. saa 
- \ EDWARDS MINIATURE | 
/ ‘4 
+h VACUUM COATING UNIT | 
38 : 
Hh ‘Much in little’ well describes this versatile unit 
4/- 7 
2) Specially developed for the vacuum coating 
of quartz crystals, optics, photo-cells, 
etc., and for laboratories not requiring 
the output of the larger models. 
ie @ Unit exhausted from atmosphere down to 
10° mm. Hg in four minutes. 
extra) @ Baffle isolation valve and by-pass pumping 
MER : system permit rapid operation cycles and 
freedom from back streaming. 
‘ ¢ @ Includes cathodic sputtering auxiliary for 
8 6 etching metallurgical specimens for both 
7 6 visual microscopy and electron microscopy 
; : P replicas. 
i . . + For Better Vacuum Service . . 
9 0 
46 ww. EDWARDS 
. § & COMPANY (LONDON) LTD., 
LOWER SYDENHAM, LONDON, S.E.26 
bea Telephone : SYDenham 7026 (8 lines) 
Telegrams : EDCOHIVAC, Souphone, London. 
lage 
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DT NsorWors ¥NTOR METER 





An instrument for the 
direct measurement 
of total harmonic 
content of audio 
frequency apparatus 


Frequency range: 
20 c/s to 20 Kc/s (fundamental) 


Distortion range : 
0-1 to 50 per cent 


Datatforwarded on request :— 





INSTRUMENTS LTD 





130 UXBRIDGE ROAD, HANWELL, LONDON, W.7 
* Visit]ELECTRONICS CENTRE, our London Showrooms, 83 Piccadilly, W.1 
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Resistors. A parcel containing 100 popular assorted 
values for } watt type, 6/-, or + watt, 

Coils. Denco T.R.F. Matched Pair Medium and Long 
Waves, 6/6 pair. Weymouth T.R.F. Matched Pair M. 
7? L.Waves, 9/6 pair. og MatchedPair S.M. and 

Waves, 8/9 or 11/6 pai l types Wearite “ 
Coils, 3/- each, in stock. qe Midget 14 in. x 


standard size, 8uF 500 V, 3/9; SOF 500 V, 5/- ; louF 500 V, 4/3; 16-16. 
500 V, 5/3; 32uF 500 V, 5/-. All New Stock. 

Osmor ‘Midget il Pack. Size 34 in 2é in. 1} in. covering S.M. and L. 
Waves. Coils wound on Polystyrene Formers with adjustable iron cores ensures 
efficient performance. Factory wired — aligned. Price including full — 
for Superhet 465 Kc/s. Unit 33/-. For T.R.F. circuit covering M. and 
Waves, 30/-. The Battery | as Super-het Pack, including ready-wound 
Frame Aerial, available for 

Output Transformer Stern's Midget 14 in. fi in. X | in., ratio 60:1, 
aa 90:1, 4/6). Elstone Multi-ratio (over 12 ratios, some C.T.), 5/6 a “Ne 

Stern's Heavy Du Duty Multi-radio, all C/Tapped, handles 13 watts and suits 
P.X.4s, 6L6s, etc., 25/6. 

- Chokes. ‘Midget 10 Hy. 250 chm 40 mA., 3/6 ; 15-20 Hy. 250 ohm 60 mA., 
6/6 20 Hy. 300 ohm 100 mA., 12/9 ; 5 Hy. 50 ohm 250 mA., 18/6 ; 20 Hy. 
250 in 120 mA., 18/6 ; 9 Hy. 250 ohm 120 mA, 8/6. 

Chassis. Substantially made of gauge 16 S.W.G. with four sides; 
7 in.X4 in, x2 in., 3/3 ; 9 in.x5 in. 24 in., 4/- ; iinig in. X 2$ in., 4/11 
10 in.x8 in. 2¢ in., 5/6; 12 in.x9 in. x 2b in., 6 a” i in.x9 in. x 2b in. 
6/11; 16 in.x8 in. X 2h in., 7/3; 16 in.X9 in. Ch in., 
eter , Westinghouse, 250HA, 1. er mA., ines mA., 4/9. 

Selenium HTL. Wave, 250 V 50 mA., 5/6, 200 V 100 mA., 5/9 ; 
250 V 100 mA. a Bridge Rectifier, 6V ry am “11/ 9. 12 V 14 amp., 12/6. 
12 V 3 amp., 19/6. 12V5 amp. 25/-. 24V 3 amp., 23/6. 

er T) formers. Each has an input of 230 volts. Outputs : (a) 24 volt 

taped 15 V, 9 V, and 4V, at 3 = ey be (b) 30 volts tapped 15 V and 9 V at 

amps., 22/- ; : (ce) 15 vo Its tapped 9 V, at 3 amps., 14/3 ; (d) 12 volts at 14 amps., 
ai? 5.0) '5 volts tn ped 9 V at 6 amps., 19/9. 

Heater Auto Transformer. Step up or Down: (a) 1V,2V, 4V,5V or 
v3 ty volts at 3 amps., 9/6 ; (b) Input 230 V, Output (es 0-5 V 2amp., 
6/- ; (c) Input 230 V, Out put 0-4 V 3 amp, 0-6.3 V 3 a 6/-. 

Fi t Transformer. Inputs 230 volts, outputs 6.3 V ibe cans 7/6; 4V lh amp., 
7/6; be 200/250 V, output 4 V (C.T.) 14 amp. ..4V 2amp., 63V2 amp., 19/6. 


STERN RADIO LTD., 109 and 115 FLEET STREET, E.C.4. 





$ in. dia., Iron Core, Aerial H.F. or Csc., 3/6 each. 
ey} Capacitors. B.E.C. Midget Can Tubular, 
8uF 450 V (If ih. x & in. => a 8-8uF 450 V TABLISHED 25 YEARS 
(1% in. x | in. dia.), 4/- ; 16-BuF 450 V (12 in. x | in. 
dia.), 4/6 ; 32pF 350 V, _ ‘a ¥. 5/-) ; 16-louF 
450 V (12 in. x 14 in. dia), 5 « ; Dubilier * Drilitic ” 
Card Tubular, ae ay V, 36. 8uF 500 V, 4/- : 16uF 500V, 4/6 ; B.I. Can, 





| You'te SURE to get it at Denco Chassis Cutter. Bhretle Repos ? in. and 


24 in. dia., used with Hand Brace, 7/6. 

A Midget TRF. Battery Portable ‘‘ Personal ” Kit. 
A complete Kit of Parts to build a Midget 4-valve 
All- 34 Battery Personal Set. Consists of Regenerative 

F. Circuit employing Flat Tuned Frame Aerial, 
be Denco Iron Dust Cored Coil, thereby ensuring 
maximum gain for Single Tuned Stage covering Medium 
Waveband. 

Valve Line-up : IT4 (R.F. Ampl.), IT4 (Detector), IS5 
(Ist A.F.) and 3S4 (output). Includes latest Rola 3-in. 
Moving Coil Speaker, and a Chassis already drilled and 
shaped. A consumption of only 7 mA ensures. begd 
battery life. The Kit is pas for a cabinet, minimum size 6 in. » 
3in. Detailed Building _— with Practical Layout and ‘Circuit included 
with Kit make assembly 

Price for Complete Kit ! §3/18/9 (plus 16/7 P.T.). Suitable unpolished Cabinet 

4 in. x 44 in. x 3 in., 12/9. Ever cw B114 Battery, 9/7. Building Instructions, 
Circuit, etc., supplied separately, 

“ Wireless World” Midget A.C, Mains 2-Valve Receiver. We can supply all 
the components, including a and M/Coil Speaker to build this set as specified 
in the March issue at a total cost of £3. Reprint of detailed assembly instructions 
and circuit supplied separately for 

We can supply al all the Components in including Valves, M/Coil Speaker, etc., to build 
a Midget A.C./D.C. Mains T.R.F. 3-Valve (plus Metal Rectifier) Receiver as 
designed and specified by a vine Technical Magazine, at a total cost of £4/17/6, 
A reprint of the assembly instructions, and layout available for 

We can now supply a Complete Set of Components, including Drilled Chassis, to 
convert the “ Wireless World '’ Midget A.C. 2-Valve Receiver to a 3-Valve Set 
vane L. and M. Waves, for 33/6. Complete re-assembly instructions available 

or 

“Electronic Engineering " Valve Voltmeter. We can supply the Complete Kit of 
Parts, including the Valve, Diode and Meter, etc., to build this instrument, as 
published in the January issue of * * Electronic Engineering,” complete with a 
a of the wiring onm and assembly instructions (supplied separately for 

9d.) at a total cost of £ 

TELEVISION !! The “Vi ter” Tel assembly instructions showing 
Wiring Diagram and Practical ee tere now available for, 5/-. We 
have the specified Components, including the T.C.C. —Bulgin—Morganite—W. B. 
—Westinghouse—Plessey—Colvern, etc., outfits in stock. Separate Components 
also available. 


, 











ing ” Televisor. Complete range of specified Components 

in Stock, instruction and explanatory booklet available for 2/6. 

*Send 2$d. Stamp for our Comprehensive Stock List. When ordering please 
cover packing and postage. 

Telephone : CENtral 5814 and 2280 
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EID 
and 
Kit The ‘Visconol’ Process — exclusive to 
ise . T.C.C.— means greater dependability 
itive and a longer useful life than ever before. 
ri It is the answer by T.C.C. research 
‘nd engineers to the insistent demand for 
tu condensers which will stand up to higher 
ISS and still higher voltages. A_ selection 
n. from the range is given below: full details 
and on request. 
long 
xX 
ided MAX DIMENSIONS 
inet CAPACITY | WORKING eticncaic | TYPE pitts 
ons in Mfds. VOLTS NUMBER h 
R (at 60°C.) Overall Overall | | eac 
| : Length Diameter | 
y all 
fied 
ions 0005 25000 5k 13 CP57HOO 13/6 
. 001 6000 23 is CP55Q0_—s| 4/6 
uild 00) 12500 3 I vo CP56VO 7/6 
r as 002 18000 5 ti Fi CP57XO_ "1 13/6 
7/6. 0025 3000 2} i CP55HO 4/6 
Cos 6000 3 ! CP56QO 7/6 
, to 0! 6000 3 Is CP56QO_ | 7/6 
Set 05 6000 Sik ij CP57Q0 | 13/6 
able | | 7000 6! 2 CP58QO 15/- 
25 1000 3 I CPS56V 7/6 
t of 5 3000 6} 23 CP59HO 23/- 
, as 1-0 750 St Ii CP57T 13/6 
ha 
for _ 
. T.C.C. Condensers are exclusively specified in the View Master — the Television Set 
We - you build at home from standard parts. Constructor Envelopes (Model A London or Model 
1B. B Sutton Coldfield) 5 - each from all Wireless Shops. 
nts 
nts THE TELEGRAPH CONDENSER CO. LTD 
oan RADIO DIVISION: NORTH ACTON -. LONDON - W.3. Telephone: ACORN 0061 
renew 








DRAYTON MOTOR UNITS 


wee 





R. Q. G. 
GEARLESS MOTOR UNIT 


A miniature capacitor induc- 
tion type motor running at 2,700 
r.p.m. Normally supplied with 
built-in fan, condenser mounted 
on fan cover. Motor can be sup- 
plied totally enclosed, condenser 
separately mounted. For contin- 
uous or intermittent running in 
either direction or continuously 
reversed. Torque : 1.75” oz. 





iii 


R. Q. R. 
GEARED MOTOR UNIT 


The R.Q.R. is a compact, selt- 
contained component, consisting 
of the R.Q.G. motor geared to a 
final shaft. Supplied for con- 
tinuous or intermittent running 
in either direction,with or without 
self-switching. An additional 
two-way switch is fitted, actuated 
by the final shaft, for operating 
auxiliary gear. Final shaft speed : 
27 m.p.r. to 600 r.p.m. Torque 60” 4 

Ibs. to }” Ibs. according to speed. | ee 





Supplied for Voltages 100/120 or 200/250 A.C. 50 cycles. 


Send for List No. M 302-1 nae 8 


DRAYTON REGULATOR & INSTRUMENT CO. LTD., 
WEST DRAYTON MIDDLESEX. West Drayton 261! 
































! 
J 
HAVE YOU HAD YOUR COPY OF 


* ENGINEERING OPPORTUNITIES ” ? 
sat oo age Be , uote sem must vod mod ily 
informative guide to t paid engineering posts. e han 
contains parti AMILCE, AMLMech.E., AMLE E., 
‘ .» and other important Engineering 
Examinations, and outlines home-study courses in all branches of 
vil, Mechanical, Electrical, Automobile, Radio 
Aeronautical Engineering, Government Employment, 
Draughtsmanship, Building and Plastics, Matriculation, etc. 
We Guarantee 


of 
ri 


‘*NO PaSS — NO FEE’’ : 
If you are earning less thin £10 0 week you cannot afford to miss 
reading “ Engineering Opportunities” It tells you everything 
you want to know to secure your future. Write for this enlightening 
guide to well paid posts NOW— FREE and without obligation 


BRITISH INSTITUTE OF B I E T 





ENGINEERING TECHNOLOGY 
337a, Shakespeare House, 17/18 Stratford Place, 
London, W.lI. 


Electronic Engineering 





February, 1950 


POTENTIOMETERS 


lM 


Wire-wound and Composition types. 
Single, Ganged, Tandem Units. 





Characteristics ; linear, log., semi-log., non- 
inductive, etc. Full details on request. 
RELIANCE MNFG., CO. (SOUTHWARK), LTD., 
Sutherland Road, Higham Hill, Walthamstow, E.17. 
Telephone: Larkswood 3245 











MAGNETIC RELAYS 
LARGEST EX-MINISTRY STOCK IN 
GREAT BRITAIN 


TYPES P.O. 3000—600—HIGH SPEED 
Rebuilt to your Specification 
Government Contractors 


JACK DAVIS 


DEPT. E.E. 


30 PERCY STREET, LONDON, W.1. 


Phones : MUSeum 7960 LANgham 4821 








ENGINEERS | 








RATCHET AND REVOLUTION 
COUNTERS 


PLEASE SEND FOR 
LEAFLET NO. 18/6 
SHOWING FULL 

RANGE OF 

‘ALBION ’ PRECISION 

COUNTERS 


MEMBERS OF THE 
BESTEC ORGANISATION 





SOLE MAKERS AND PATENTEES : 
B. & F. CARTER & CO. LTD., BOLTON, N.3. 











ELECTRO -CERAMIC INSULATORS & REFRACTORIES 
AMUN GEO. BRAY & CO LTD. 
1O %&% ELECTRICAL - LEEDS 2. ENGLA'.D 
RADES. Telephone 29¢8" (Bl -es)-Teleorom: : >. 


TELECOMMUNICATION 
RAL 





sisi 







Fe 
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OUTPUD TRANSFORMERS 


These two standard ranges of Output Trans- 
formers will meet all the normal needs of the 
home constructor. They provide a degree of 
accuracy, quality and dependability which cannot 
be surpassed. 























Transformers .~ SOMERFORD - CHRISTCHURCH - HANTS 


Phone: CHRISTCHURCH 1025 


J ' * SOMERFORD. A _ range of Output Trans- MINIFORD. A range of high quality trans- 
| formers designed to ensure high quality and reliable formers of economical design which provide 
| CHARACTERISTIC performance. Suitable for single ended or push- excellent reproduction for domestic purposes, 
| CURVES pull circuits, they cover the widest limits of the but over a more restricted range of audio frequencies 
i audio frequency band. May be used with con- than the Somerford Transformers. 2, 4 and 8 watt 

of Somerford  Trans- . fidence for the most exacting circuits. types suitable for all outputs. 

formers showing  fre- i 

uency response between : 

Mi é ie aie Write for our 

SECIS OSE tee & latest Folder 

; 25,000 cycles per second giving complete 
% are available upon details of the ) 
; request. > SOMERFORD 5 
x - and MINIFORD 


























PLAN YOUR 
on || CAREER 
L RADIO - TELEVISION 
ION and other INDUSTRIAL 
. ELECTRONIC subjects 
On ELEMENTARY & 
ADVANGED COURSES 
1.3. 13” PROFESS'ONAL DAYTIME » 





TV ; . @ Principles and Practice of Radio—1 year. 
os é ) i) m= @ Telecommunication Engineering—2 years. 
’ v | i a @ Electronic Engineering —3 years (including one 
year’s practical training in E.M.i. Factories)- 
" a , H leading to C & G full Technological Certificate 
> i High Fideli ty Sound on Disc (Next courses begin April 1950) 
i R d P also HOME STUDY 
J j ecor ers for every urpose @ Basic Radio @ Basic Television @ Industrial 


Devniesdioretesun Electronics @ Maths. @ Physics 


&. G. BROWN LTD. Write for FREE BOOKLET to Dept: 11 


Associated with 
SHAKESPEARE STREET F i i INSTITUTES HM 
1 @ sis MARCONIPHON 
WATFORD, HERTS, ENGLAND 10 PEMBRIDGE SQUARE, NOTTING HILL GATE, LONDON, W.2 COLUMBIA ‘ 


Telephone : Watford 7241 | Telephone: BAYswater 5131/2, ETC 


| 
GW nek hi cr a aT TT £.16/B 
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THE LONDON ELECTRIC WIRE COMPANY 


AND SMITHS, LIMITED 
LEYTON, LONDON, E.10. 


is ollows : Vactite Wire 


‘ Eureka 


etc. ~ demand for 
sed where a 


e address your 


Wires : Co. Ltd. 
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VACTITE WIRE COMPANY LTD. 
75 ST.SIMON STREET, 
SALFORD 3,LANCS. 








Radio, Television 


and Electrical 












I Mon./Fri. 9-5.30. Sat. 9-Ip.m. Tel. GERrard 8845 


Constructional booklet, fully illustrated, London area, 2/6 ; Wiring 
Diagram, 2/6 extra. B’ham area (with wiring diagram), 4/6. 


Scanco approved components : Focus Coil, £1 10s. Od. ; 
Scanning-coiis, £1 5s. 6d. ; 


ELECTRONIC ENGINEERING TELEVISOR VIEWMASTER 


NUSOUND PRODUCTS 


Accessories 136 WARDOUR ST., LONDON, W.I. 


FULL 


MAIL ORDER 


FACILITIES 


PLEASE ADD POSTAGE 


Colvern Pots, 
2/9; Bulgin kit, 


















Line O/P. Trans., £1 5s. 6d. 


EHT. 4kv 48/-, Skv 60/-, A QUALITY, AMPLIFIER TO SUIT ALL POCKETS 
Belling & Lee 5-pin Plug and Socket A self-contained compact 4-valve amplifier chassis with an 
(surplus), 1/6. output of approx. 4} watts. Includes 3-stage negative feed- 
Full range of Erie Resistors, } and } back circuit and incorporates independent bass and treble 
ean: A; aus >. O:-ameek ‘Bd a controls. Sufficient spare H.T. & L.T. for operation of 


small R.F. feeder unit. 

Also Full Range of TCC Condensers. Complete constructional booklet and circuit diagram for 
A.C. or A.C./D.C. model, 1/6. 

Complete kit of components, including drilled chassis 
and NEW VALVES : A.C. model, £8 Os. Od. ; A.C./D.C. 


QUALITY model, £8 Os. Od. 


Fully constructed amplifier with 12 months’ guarantee : 
COMPONENTS A.C. model, £10 10s. Od ; A.C./D.C. model, £10 10s. Od. 
Either model fitted with microphone input and separate 
Wilkins & Wright moving coil Pick-up volume control for 15/- extra. 

with trans, £7 10s. 5d. Feeder Unit Booklet for A.C. or A.C./D.C. operation 


Wilkins & Wright moving coil Head to available March, price 1/6. 








kit, 8/6 ; 


Pots, 9/-. 


12/6 ; 


Resistor kit, 


(Demonstration model on view) 


Ful construction envelope, including stage by stage blueprints, 5/-, 
Complete kits of components available as follows :—Whiteley 


Full set of Bel Sound Coils (London), 15/- ; (B’ham.), 18/6. kit, £6 5s. Od. ; T.C.C. kit, £6 15s. Od. ; Plessey kit, £5 12s. 6d. ; 


G.E.C. Neon, 


Belling-Lee 
Wearite Coils, £1 Os. Od. ; 
. 9d.; Morganite 


TV. Aerials can be sent direct and fit- 
ted if required. 
(Please Send for Our List) 


















fit Garrard or Collaro arms., £4 6s. 8d. 
Straight Transformer for use with the above, £1 5s. Od. 
Connoisseur light-weight Pick-up and Trans., £4 IIs. Od. 


Wharfedale Golden 10-in. speaker, 3 or 15 ohm speech coil, £3 15s. Od. 300-0-300V 6OmA ; 6. 





3V 3A; 5V 


300-0-300V 60mA ; 4V 4A; 4V 3A 


Wharfedale Golden 10-in. speaker with cloth suspension, 3 or 15 350-0-350V 75mA ; 6.3V 3A; 5V % “ 
ohm speech coil, £4 5s. Od. 3V 1.5A Heater Transformer ; 232v primary 
All the above items can be Demonstrated. 2A ” ” ” 


9003... 5/- 
6H6 ... 3/- 
6VEG 6/6 
5U4G6/ 
6I5 ... 4/6 


SURPLUS VALVES 


(Each individually guaranteed) 


. 2/6 807 
. 2/6 EASO . 
6/6 EF36 ... 
4/6 IS4. 
6K7G 6/6 ECC33_ 
EAC9I 10/- 
Transformers (All 50 c/s.) 
250-0-250V 60mA ; 6.3V 3A; 5V -? ; er pri. ... ers 
» shrouded 


. 7/6 
he 
7: 

7/6 
* 8/6 


18/9 
20/3 
20/3 
21/9 


6/9 
6/9 
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LARON 


BUT its conduct is good for the 

















jobs you want to do with a first-class 

electrical board. This laminated plastic material 
possesses valuable mechanical properties to back up 
its excellent resistance. It can be sawn, 
drilled, stamped, shaped and fabricated. 


May we send you complete details ? 


THOMAS DE LA RUE & CO. LTD., Plastics Division, Imperial House, Regent Street, London, W.! 


WODEN 








QUALITY COMPONENTS SPECIFIED FOR 


“ ELECTRONIC ENGINEERING” 
HOME BUILT TELEVISOR 





E.H.T. TRANSFORMER, POTTED TYPE ed 
4 KV. 5mA. 0-2-4V 1.5A. eats une wee aie Price 65 0 
5 KV. 5mA. 0-2-4V 1.5A. hte : aa Price 72 6 


MAINS TRANSFORMER, POTTED TYPE 

350V-0-350V 250mA. 6.V 6A. 4V BA. 4V 3A. 0-2-6.3V 2A. Price 98 
SMOOTHING CHOKES 

[5 Hy 250mA. ... on wee aes a «se Price 29 
10 Hy 80mA. sa eee one os tee ies Price 17 





We also manufacture transformers from IOVA to I00KVA for 
all types of Electronic Equipment. We are pleased to co-operate 
on any special designs required, and we already supply many 
prominent manufacturers. 


The Transformer shown is typical of our larger types. Rated at 
6,000V 30KVA, it is designed for R.F. Heating Equipment. 











Send for latest Catalogue to: 


WODEN TRANSFORMER €0 L.™ 


MOXLEY ROAD - BILSTON - STAFFS TEL: BILSTON 41959 














T / Vv Experts agree .. 


that Murphy Radio Ltd. have accom- 
plished a wonderful engineering feat in the 
TPGI11 Television Pattern Generator. A unique 
portable instrument, the TPGI! gives a test 
pattern with all the correct timing pulses, etc., 
and can be used for all television testing, 
installation, fault finding and setting up IN 
THE ABSENCE OF A_ B.B.C. TRANS- 
MISSION. The TPG11 must not be confused 
with cheaper types of pattern generator which 
do not produce the correctly timed B.B.C. 
synch. pulses, and are, therefore, only of 
limited use. The immense value of the TPG11 
will be realised when one considers how much 
time is saved in being independent of 
transmission hours. 


For full specification, write to: 
F. LIVINGSTON HOGG 
65, Barnspury STREET, Lonpon, N.1. 


or Telephone TU Dor 5277 
and arrange a demonstration 


F. LIVINGSTON HOGG, SPECIALIST 
IN HIGH-GRADE INSTRUMENTS 
FOR THE COMMUNICATIONS INDUSTRY 
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small buzzer has a 


number of applications, such as continuity 


testing, a signal for telephones and communica - 
tion circuits, or as a source of interrupted 
supply for bridge circuits. 


It operates at approximately 
500 cycles per second, 





and the consumption at 


3 volts is very approximately 100 mA. Also it 4 
will operate satisfactorily from 4 volts A.C. : 


50 cycles. 


TAYLOR ELECTRICAL INSTRUMENTS LTD 


419-424 MONTROSE AVENUE, 


Tui sphone SLOUGA 2,138: (4 iines) 


SLOUGH, BUCKS, ENGLAND 
Grams & Cables TAYLINS. SLOUGH 


EKCO 


RADIATION 
MONITORS 


Ekco portable Radiation Monitors © 


are made in 3 typcs, covering Beta, © 
X and Gamma radiation from l0KeV = 
upwards. When dealing with X- -rays | 

or radioactive isotopes in any form) : 


there is an imperative need for i 


instantaneous indic: tion of the health” : 
hazard: these Monitors meet this need. © 








TYPE 1043C TYPE 1118A so TYPE 1132A ‘ 
—— a 7 % 
RANGE 0-— 175 o—I5 o—iI5 4 
mR/hr 0—1250 o— 150 0— 150 
USE Gamma dosage and Beta X radiation 
a qualitative detection 10KeV upwards 








£. K. Cole Ltd. can now supply 
a complete range of equipment 
for the radiochemical labora- 
tory. Write for catalogue giving 
specifications, prices etc. 


EKGO 


K. COLE LTD. (ELECTRONICS DIVISION) 
ViGo pIumeeT. 





Linear Amplifier — Scaler Unit 
— Power Unit — Vibrating Reed 
Electrometer — Ratemeter— 
Radiation Monitors. 

General purpose, Liauid type, 
Immersion type and Gas Analy- 
sis G.M. Tubes -- Square, Circular 
and Rabbit Lead Castles — Inter- 
locking Lead Bricks. 


ELECTRONICS 


LONDON. w.t © 
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HAZLEHURST DESIGNS 
LIMITED. 


R.F. E.H.T. EQUIPMENT 





In order to meet the increasing demand for 
all types of our E.H.T. equipment we have 
pleasure in announcing the purchase jof a 
larger factory at the address given below, 
where both office and works ate now situated. 
With the enormously increased facilities avail- 
able, we are planning to increase the range 
of equipment offered and also to speed up 
deliveries. 

all 


between 2,000 and 50,000 volts at currents 


Enquiries welcomed for equipment 


up to 1 mA. 


34, POTTERY LANE, 
HOLLAND PARK, LONDON, W.11 


Phone Number to be announced later 








Scophon 
—=BAIRD= 
& CHOKES 


TRANSFORMERS 





designed and 
manufactured 
to suit your 


specific needs 


HERMETICALLY 
Hermetically sealed SEALED TYPES 
il-filled E.H.T. t ith 
: peocadinc ance —up to IKVA. 
DOUBLE- and 


AUTO - WOUND 
OIL/AIR 

COOLED __ TYPES 
—up to 50KVA. 
(Single or 3-phase) 





Send your next enquiry to :— 


SCOPHONY-BAIRD LTD., (Division 6), WELLS, SOMERSET 
Telephone : WELLS 2081-5 
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D.C. Oscillo cope 
16842 


AN EXAMPLE from the Furzehill range of fine 
instruments is this high-grade oscilloscope for industrial 
radio and television applications. Both axes have 
identical d.c. coupled high sensitivity amplifiers with 
symmetrical inputs and a level frequency characteristic from 
Zero to 3 Mc/s. Particularly valuable features are the 
instantaneous action of the shift controls, expansion of the 
time-base scan from 4 to 5 screen diameters, negligible 
phase shift in the amplifiers and automatic amplitude- 
limited synchronisation. 


For full details of this, and other instruments in the Furzehill 
range, write for our new illustrated catalogue. 





LABORATORIES 
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MODERN PRACTICAL 
RADIO & TELEVISION 


This work covers every phase of Radio and 
Television Engineering from many view- 
foints and meets a great demand. The 
author, C. A. Quarrington A.M.Brit.I.R.E., 
has been responsible for training Radio and 
Television Service Engineers and is also 
well known as a lecturer on Radio and 
Cathode-ray subjects. 


SOME OF THE CONTENTS 


Sound—Waves in Free Space—Electricity—Mag- 
netism and Inductance—Capacity—Reactance and 
Impedance—Alternating Current—Tuned Circuit— 
Principles of the Thermionic Valve—The Signal 
Analysed—Detection—Reaction and Damping— 
H.F. Tetrode and Pentode—High-frequency Ampli- 
fication—Principles of the Superheterodyne— 
Frequency-changing Valves—Design of the Super- 
heterodyne—Practical Coil Design—Switches and 
Switching—Low-frequency Amplification—The Out- 
put Stage—Output Valves—Loudspeaker—Auto- 
matic Volume Control—Tuning Indicators—Inter- 
Station Noise Suppression—Automatic Tuning— 
Frequency Moduiation—Power Pack—Decoupling— 
Gramophone Pick-up—General Mechanical and 
Electrical Considerations—Five Circuits Analysed— 
Aerials, Earths, and Noise Suppression—Car Radio— 
Principles of Low-power Transmission—High- 
Vacuum Cathode-ray Tube and its Application to 
Television—Time Base—Television Technique— 
Television-receiver Design—Adjustments and Faults 
of a Television Receiver—Measuring Instruments— 
Ganging Oscillator—Cathode-ray Oscillograph— 
Voltage and Current Testing—tinstability and Motor- 
boating—Tracing Distortion—Tracing Mains Hum— 
Tracing Background Noise—Valve Testing—Re- 
ceiver Alignment (Ganging)—Whistles and Break- 
through — Loudspeaker Faults — Testing Com- 
ponents—Fault-finding Procedure (A Summary)— 
Local Interference—Workshop Hints—Accumulator 
Charging and Maintenance—Simple Mathematics, 
etc.—Abridged Technical Dictionary. 





RADIO CIRCUITS AND DATA 


A wide selection of typical and basic circuits 
with formulae and data, are also included, 
together with a number of Manufacturers’ 
and complete basic circuits showing the 
latest trends and practices, apart from a 
comprehensive range of unit circuits. 











THE ILLUSTRATIONS 


** Modern Practical Radio and Television ”’ 
is profusely illustrated. It contains 16 full- 
page plates, over 400 diagrams in the text 
and 7 large folding insets. Each illustration 
has been specially selected for its practical 
utility. 


—----—-— A FREE PAMPHLET - - -- - 


To the Caxton Publishing Co. Ltd., 
171, Clun House, Surrey St., London, W.C.2 


Please send me, free of charge, Pamphlet 
describing ‘‘ Modern Practical Radio and 
Television.”’ 


Send this form in unsealed envelope (Id. stamp) 
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L.T.P. REWIND SERVICE ELECTRONIC Controu® 
All rewinds are and E QuipmMeNT; 
Layer Wound, Vacuum Impregnated, 
Pressure tested at 2,000 volts EFOR 


and guaranteed for three months. 
48 hour service. 





Enquiries: 
London Transformer Products Ltd. 
L.T.P. Works, Cobbold Estate, 
Willesden, London, N.W.10 


Telephone WiLlesden 6486 






































Liquid | 


Silver 


IMMEDIATE DELIVERY OF GRADES 
FOR METALLIZING 


CERAMICS, MICA, 
GLASS & PLASTICS 


| All Enquiries to our NEW ADDRESS— 


42, TOWNGATE STREET, 


POOLE, DORSET | 


Telephone No. Poole | 24! 








our 1950 FULLY 
ILLUSTRATED CATALOGUE 

OF HIGH QUALITY 
ELECTRONIC PRODUCTS IS 
NOW AVAILABLE 


SRR Y 


(SHORT WAVE ) LTD. 


25, HIGH HOLBORN. LONDON, W.C.1 





LABORATORY AND INDUSTRY 


¢ SUPPLY 

@ INSTALLATION 
@ MAINTENANCE 
oa SERVICE 

@ DESIGN: !ror 





SPECIAL APPLICATIONS 


F. C. ROBINSON & 
PARTNERS, LTD. 
308, DEANSGATE, MANCHESTER, 3. 
BLAckfriars 1550. 
NORTHERN REPRESENTATIVE FOR: 
Cintel — Electronic Instruments — Baldwin 
Furzehill — Airmec — B.C.C. — Wayne Kerr 


Mullard — Sargrove — Hazlehurst 
H. J. Leak 
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Partridge Mews - 


precision 
TRANSFORMERS — 
‘©TO SPECIFICATION”? org 
STANDARD, if the problem is Trans- 3 


Chokes, none are 
find the 


more 
than ~ 


formers or 





| experienced to solution 
| Partridge. Nearly two decades of specialised 
| research and production have prompted } 
( leading industrial concerns and Govern- 
ment Experimental Stations consistently to 7 
use the unequalled Partridge service. Your 3 
adequately met for 





need, can be 
transformers ranging from 5 VA to 50 kVA 


Send for catalogue 


too, 


AE 


—power or A.F. 
and data sheets. 





* Note: All Partridge; components — 
are now available # 
HERMETICALLY SEALED IN OIL~ 
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TRANSFORMERS LTD 
ROEBUCK ROAD KINGSTON - BY - PASS 
TOLWORTH SURF 
Telephone: ELMbridge 6737-4; 
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First L.F. ULTRASONIC GENERATOR 


offers unlimited power for 
Industrial Processes 






For the first time, a magnetostriction generator is 
available for commercial purposes. This latest applic- 
ation of Ultrasonics to Industry is one more develop- 
ment from Mullard Research. There are three models 
giving power outputs of 250 watts, 500 watts and one 
kilowatt and larger units are available to order. 
Almost unlimited power can be provided for 
industrial applications over a wide field. 





These generators possess the following features : 
Magnetostriction head designed for immersion directly into conductive or non-conductive liquids. 
Rack mounted generator for ease of servicing. 

Simplified controls for operation by semi-skilled personnel. 
Transducer capable of being installed into existing plants. 
Standard frequency ranges 1§ Kc/s, 20 Kc/s, 25Kc/s. 


Mullard 


Mullard Electronic Products Limited 


ELECTRONIC EQUIPMENT DIVISION, “ABOYNE WORKS, 3, ABOYNE ROAD, ‘LONDON, S.W. 7. 


+ + + H 
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—— ALL-POWER — 
CONSTANT VOLTAGE LABORATORY SUPPLIES 


We can supply Standard, Semi-standard and Special Power Supply Units 
to meet any requirements. These Units provide an exceptionally 
constant and stable power source for use in Meter Calibration and 
Standardizing Laboratories, and for accurate Research work of all types. 














MODEL 102-A 





OUTPUT - - 220-320 VOLTS, 0-250mA. 
STABILIZATION RATIO- - - > 20,000. 
INTERNAL RESISTANCE - <0.05 OHM. 
OUTPUT RIPPLE - - - - >>/ImV.R.M.S. 


ALL-POWER TRANSFORMERS LTD. 


CHERTSEY ROAD, BYFLEET, SURREY. 





TEL. BYFLEET 3224, 3225. 
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Cuality ELECTRONIC COMPONENTS 


List No. P.466. Moulded Mains 
Plugs and Sockets ; Ni-plated cord- 
grips on socket. For 8A. at 6V., 
SA at 250V, IA at 500V, 2, 3 and 


List No, F.155 


List No. F.155. New moulded I- 
pole fuseholder for all } in. by 14 in. 
fuses. Vibration-proof bayonet- 
engaging front knob extracts with 


List No. P.38 


List No. P.38. Popular jack-plug 
which conforms to B.S.666. Highest 
quality insulation, tag connections, 
and highly plated contacts. 


6-pole versions. fuse. 

List No. S.55. Heavy duty List No. D.620. A new type signal- 
2-pole 2-way or C.O. lever switch. lamp for low-V working, taking 
For 8A at 6V, Sp 3A at 250V P.O.-type tubular bulbs, and D.149 
circuits. type ‘‘ lens ’’ bushes. 


List No. J.16. Panel jack which 
accepts standard plugs, for 4 in. 
thick panels. NiAg leaves silver- 
alloy contacts, and rust-proofed 
steel frame. 





List No. J.16 NiAg 


@ ALL TYPES MADE TC SUIT MANUFACTURERS’ INDIVIDUAL REQUIREMENTS 


A. F. BULGIN & CO. LTD. 


BYE-PASS ROAD, BARKING 
elephone: R!Ppleway 3474 (5 lines) 


ILLUSTRATED CATALOGUE 
price Is. post free. 
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53 Ranges with Rotary Switch Selection 


This uniquely comprehensive Test Set has 53 ranges for measuring 
AC and DC current and voltage, resistance and insulation. It is 


completely self-contained, with internal batteries to provide power 
for the ohms ranges and self-contained power pack for insulation 
measurement at 500 V. Selection is carried out by two 20-position 


switches. A fully protective safety device is fitted and is operative 
for forward or reverse overload. The 150 division 6-in. scale is 
uniformly divided and is fitted with an anti-parallax mirror. The 
set is enclosed in a handsome bakelite case and fully complies with 
B.S.S. No. 89, covering first grade instruments. Full details of 
this, and other Weston electrical measuring instruments will 
gladly be supplied on request. 


SANGAMO WESTON 


LIMITED 
ENFIELD, MIDDLESEX: 


Telephone: ENField 3434 (6 lines) and 1242 (4 lines) 


AREA DEPOTS: 

201 St. Vincent Street, Glasgow. CENtral 6208 
Milburn House, Newcastle-on-Tyne. Newcastle 26867 
22 Booth Street, Manchester CENtral 7904 
33 Princess Street, Wolverhampton Wolverhampton 21912 
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RADIO FACTORIES OVER THE WORLD 


use ERSIN 
MULTICORE 


SOLDER 





Philips Argentina S.A. Factory at Saavedra, Buenos Aires. 


Radio factories of many world-wide organisations find that the use 
of British-made Ersin Multicore Solder effects great savings in 
material and labour costs. Here you can see Ersin Multicore Solder 
being used in a few of the factories where the famous Philips radio 
and television receivers are made. Ersin Multicore—with its 3-core 
construction, and efficient Ersin Flux—is the only solder which 
guarantees flux continuity, eliminating H.R. or ‘dry’ joints, and 
ensuring high speed precision soldering without waste. It will pay 
you to use only the Finest Cored Solder in the World—for 
economy with quality. | Ersin Multicore Solder is supplied to 
manufacturers in 5 standard alloys, 9 gauges and 2 flux percentages. 
Service Engineers and Workshops are supplied with the handy 
Size 1 cartons in the specifications shown below. 





Catalogue | Alloy | Approx. length 
Ref. No. od Bn 8 Tin/Lead S.W.G. per carton | "“ladiens 
——_— -$ 


ie 
C 16014 _| 60/40 26 feet a BA 5s 0 
C 16018 | Pe BY a tt ee Was y 


C1413, 4060 | 13 | feet SO 


C 14016 40/60 | 42 feet 


MULTICORE SOLDERS LTD. 


MELLIER HOUSE, ALBEMARLE ST., LONDON, W.1 - REGent 1411 
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